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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 
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Springfield,  VA  22161 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to   others   in   their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas      __ 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 — ' 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  221 61 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. __ 

NPO-15479/TN    — ' " 


FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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technology  described  in 
the  fact  sheet 
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Agriculture  &  Food 

0124  Portable  Power  Platform 

0125  Looking  Into  a  Cotton  Cell 

0126  Capillary-Effect  Root  Environment  System — Capillary 
forces  in  a  membrane  prevent  excess  flow. 

Other  Items  of  Interest 
0156     Seedling  Box  Lifter 

Computers 

0127  Human  Expertise  Helps  Computer  Classify  Images — 
The  computational  abstraction  of  image  data  is 
related  to  human  classification  via  a  mapping. 
(Licensing  Opportunity) 

0128  Magnetic  Analog  Random-Access  Memory — 
Attributes  would  include  fast  access,  low  power, 
nonvolatility,  and  high  storage  density.  (Licensing 
Opportunity) 

0129  Intelligent  Computerized  Training  System — An  expert 
system  acts  like  an  experienced,  dedicated  human 
trainer.  (Licensing  Opportunity) 

0130  Matrix  Encoding  for  Correction  of  Errors — Some 
burst  errors  in  digital  data  recorded  on  video  tape 
can  be  corrected.  (Licensing  Opportunity) 

0131  Study  of  Candidate  Architectures  for  Data  Proces- 
sor— Several  architectures  are  analyzed  in  terms  of 
performance,  power,  size,  bit-error  rate,  and  reliabil- 
ity. 

Software 

0132  Computing  Availability  and  Reliability  for  a  System — 
Elements  that  contribute  most  to  the  failure  of  the 
system  are  identified  quickly. 

0133  Expert  Script  Generator — This  program  provides  an 
additional  level  of  interface  to  facilitate  use  of  a 
telerobotic  system. 

0134  Program  for  Parallel  Discrete-Event  Simulation — The 
user  does  not  have  to  add  any  special  logic  to  aid  in 
synchronization. 

0135  Video  Image  Communication  and  Retrieval — 
Updated — The  newest  version  of  this  program  is 
designed  for  the  user's  convenience. 

Electrotechnology 

0136  Chip  Gives  24  Times  Speed  Improvement 

0137  Fiber  Optic  Microcable 

0138  Radio  Frequency  Radiation  Measured 

0139  Addressable-Matrix  Integrated-Circuit  Test  Struc- 
ture— Step  coverages  and  widths  of  lines  would  be 
determined  rapidly  from  measurements  of  resis- 
tances. 


0140  Digital  Phase-Locked  Loop  With  Phase  and  Fre- 
quency Feedback — Sophistication  allowed  by 
software  processing  provides  better  performance. 
(Licensing  Opportunity) 

0141  Ambiguity  of  Doppler  Centroid  in  Synthetic-Aperture 
Radar — The  performances  of  two  ambiguity-resolving 
algorithms  are  investigated. 

0142  Driver  Circuit  for  High-Power  MOSFET's — This  circuit 
generates  the  fast,  high-current  pulses  needed  for 
efficient  switching. 

0143  Estimating  SAR  Doppler  Shifts  From  Homogeneous 
Targets — Optimal  estimates  make  better  use  of 
returns  from  both  stationary  and  moving  targets. 

0144  Estimating  SAR  Doppler  Shifts  From  Quasi-Homoge- 
neous Targets — A  linear-estimator  subalgorithm  is 
optimized  for  the  local  terrain. 

0145  Magnet/Hall-Effect  Random-Access  Memory — 
Characteristics  would  include  nonvolatility  and  fast 
readout.  (Licensing  Opportunity) 

0146  Improved  Radiometric  Correction  for  SAR  Images — A 
correction  algorithm  is  reversible  and  applicable  to 
both  detected  and  complex  images. 

0147  Multiple  Integrated  In-Line  Diode  Lasers — When  one 
of  the  devices  fails,  another  could  be  switched  on. 

0148  Photorefractive  Crystal  Compresses  Dynamic  Range 
of  Image — Predetection  dynamic-range  compression 
in  real  time  could  prevent  saturation  in  images. 
(Licensing  Opportunity) 

0149  Nonlinear  Dynamic  Compensation  for  Feedback 
Control — Bandwidth  is  reduced  at  low  error  signals. 
(Licensing  Opportunity) 

0150  Single-Exposure  Long-Equivalent-Wavelength 
Interferometry — Spatial  filtering  extracts  infrared- 
equivalent  interferograms  from  nonlinearly  recorded 
two-visible-wavelength  interferograms.  (Licensing 
Opportunity) 

0151  Vapor-Screen-Density  Controller — The  density  of  a 
vapor  screen  in  a  wid  tunnel  is  maintained  for  vapor- 
screen  photography.  (Licensing  Opportunity) 

Software 

0152  System  Decommutes  and  Displays  Telemetry  Data — 
The  TDPIus  system  transforms  a  computer  into  a 
telemetry  processor. 

Testing  &  Instrumentation 

0153  Kalman  Filter  Tracks  Object 

0154  Dynacounter  Electronic  Data-Reduction  System — 
Output  data  would  be  suitable  for  calculations  of 
fatigue. 
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Electrotechnology  (Cont.) 

Other  Items  of  Interest 


0128 


0186 


Magnetic  Analog  Random-Access  Memory — 
Attributes  would  include  fast  access,  low  power, 
nonvolatility,  and  high  storage  density.  (Licensing 
Opportunity) 

Magnetic-Bearing  Test  Fixture — A  microcomputer- 
controlled  fixture  measures  bearing  gaps,  magnetic 
fluxes,  and  forces. 


Energy 

01 55  Impregnating  Coal  With  Calcium  Carbonate — 
Gasification  and  combustion  would  be  enhanced, 
and  sulfur  would  be  bound  in  calcium  sulfide. 
(Licensing  Opportunity) 

Engineering 

0156  Seedling  Box  Lifter 

0157  SUSV-Towed  Snow  Plow 

01 58  Turbomachine  Blade  Noise  Flow  Analysis 

01 59  Weight  Minimization  of  the  Multi-Static  Sonar  Frame 

01 60  Lightweight  Mobile  Work  Shelter  for  Cold  Weather 
and  Remote  Sites 

01 61  Portable  Hydraulic  Power  Source 

01 62  Acoustic  Levitator  With  Furnace  and  Laser  Heating — 
The  levitated  sample  can  be  heated  to  more  than 

1 ,500oC. 

01 63  Apparatus  Circulates  Sterilizing  Gas — Only  the  parts 
to  be  sterilized  are  exposed  to  ethylene  oxide. 

01 64  Bidirectional  Drive-and-Brake  Mechanism — Motion  of 
a  single  lever  provides  both  driving  and  braking. 
(Licensing  Opportunity) 

01 65  Computation  of  Flow  in  a  Turbine  Stage  on  a  Refined 
Grid — The  finer  grid  yields  more  accurate  results. 

01 66  Diamond-Coated  Wire-Feeding  Nozzle — Hard 
vacuum-deposited  film  would  greatly  improve  nozzle 
properties.  (Licensing  Opportunity) 

01 67  Experiments  to  Verify  Computed  Flows — Computa- 
tions and  experiments  should  be  planned  in  coordi- 
nation. 

0168  Flexure  Bearing  Reduces  Startup  Friction — Flexures 
absorb  small  torque  'bumps'. 

01 69  Fully-Stressed-Design  Algorithm  for  Plate/Shell 
Structures — A  modification  of  the  basic  stress-ration 
algorithm  enhances  convergence. 

0170  Lighted,  Folding  Inspection  Mirror — This  compact, 
inexpensive  tool  can  be  used  in  place  of  expensive 
borescopes. 

01 71  Matching  Terrain-Height  Maps  for  a  Robotic  Ve- 
hicle— Data  equivalent  to  topographical  maps 
digitized  at  different  intervals  are  merged. 


0172  Pneumatic  Spoiler  Controls  Airfoil  Lift — Forward  air 
ejection  reduces  lift  locally  to  aid  in  balancing  or 
maneuvering. 

01 73  Portable  Water-Saving  Shower  for  Emergencies — A 
stowable  compact  unit  would  spray  from  many 
directions.  (Licensing  Opportunity) 

0174  Pressure-Actuated  Flow-Control  Valve — Orifice  area 
varies  according  to  supply  pressure.  (Licensing 
Opportunity) 

0175  Redundant  Toggle/Hook  Release  Mechanism — 
Advantages  include  shock-free  separation  and 
reliability.  (Licensing  Opportunity) 

0176  Servo  Reduces  Friction  in  Flexure  Bearing — 
Resistive  torques  would  be  reduced. 

01 77  Software  for  Supervisory  and  Shared  Control  of  a 
Robot — The  operator  can  choose  various  combina- 
tions of  manual  and  automatic  control.  (Licensing 
Opportunity) 

01 78  Three-Dimensional  Structure  of  a  Mixing  Layer — 
Quantitative  data  show  the  evolution  of  streamwise 
(in  addition  to  spanwise)  vortexes. 

01 79  Two-Phase  Hero  Turbine  With  Curved  Nozzles — 
Curvatures  would  be  designed  to  minimize  separa- 
tion of  liquid  from  gas.  (Licensing  Opportunity) 

Software 

0180  Software  Models  Impact  Stresses — This  program 
computes  the  propagation  of  elastic  waves  in  a  body 
after  impact. 

0181  Valve-  and  Switch-Monitoring  Computer  Program — 
Human  operators  are  freed  from  tedious,  repetitive 
monitoring  tasks. 

Testing  &  Instrumentation 

01 82  Contact  Probe  With  Pivoting  Tip — The  tip  remains 
perpendicular  as  a  curved  surface  is  scanned. 

0183  Digital  Image  Velocimetry — Images  of  seeded  flows 
would  be  processed  to  obtain  velocity  maps. 

01 84  Improved  Ultrasonic  Transducer  for  Measuring 
Cryogenic  Flow — Slanted  surfaces  reduce  ringing. 

01 85  Layered  Plating  Specimens  for  Mechanical  Tests — 
Grips  are  augmented  with  material  that  can  be  plated 
more  easily. 

01 86  Magnetic-Bearing  Test  Fixture — A  microcomputer- 
controlled  fixture  measures  bearing  gaps,  magnetic 
fluxes,  and  forces. 

Other  Items  of  Interest 

0124     Portable  Power  Platform 

0200     Predicted  Heat-Sink  Effects  (Licensing  Opportunity) 

0215     Sensing  Temperatures  Via  Prostheses  and  Manipu- 
lators— Heat  and  cold  are  applied  to  the  operator's 
back. 

0221     Reversible  Chemisorption  Gas-Gap  Thermal 

Switch — Gas/sorbent  combinations  provide  means  to 
turn  heat-conduction  paths  on  off. 
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0222     Separation  of  Liquid  and  Gas  in  Zero  Gravity- 
would  double  as  cyclone  separators. 


-Tanks      Materials 


Environmental  Science  &  Technology 

01 87  Development  of  Risk  Assessment  Methodology  for 
Municipal  Sludge  Incineration 

0188  Wetlands  Detection  Methods  Investigation 

Other  Items  of  Interest 

0155     Impregnating  Coal  With  Calcium  Carbonate — 

Gasification  and  combustion  would  be  enhanced, 
and  sulfur  would  be  bound  in  calcium  sulfide. 
(Licensing  Opportunity) 

0225     The  Minnesota  Test  Road— MNROAD 

Manufacturing,  Machinery  &  Tools 

0189  Composite  Pumps  Used  on  Shipboard 

01 90  Fit-Up  of  Composites  in  Manufacturing 

0191  Electroslag  Cladding  of  Main  Propulsion  Shafting 

01 92  Formation  of  the  CALS  RIC 


0193 


0194 


0195 


0196 


0197 


0198 


0199 


0200 
0201 


Automatic  Control  of  Length  of  Welding  Arc — 
Nonlinear  relationships  among  current,  voltage,  and 
length  would  be  stored  in  electronic  memory. 

Crack-Free,  Nondistorting  Can  for  Hot  Isostatic 
Pressing — Outgassing  and  warping  are  reduced. 
(Licensing  Opportunity) 

Jointed  Holder  for  Welding  Electrodes — A  custom- 
bent  electrode  becomes  unnecessary  (Licensing 
Opportunity) 

Filament  Winding  of  Carbon/Carbon  Structures — An 
improved  technique  has  potential  for  automation. 
(Licensing  Opportunity) 

Heavy-Workpiece  Handler  for  Vacuum  Plasma 
Spraying — Massive  parts  are  manipulated  for  uniform 
coating.  (Licensing  Opportunity) 

Lockwasher  Strongly  Resists  Disassembly — Tabs 
engage  slots  in  pawl-and-ratchet  fashion.  (Licensing 
Opportunity) 

Ruling  Blazed,  Aberration-  Corrected  Diffraction 
Gratings — Advantages  of  holographic  and  ruled 
gratings  are  combined.  (Licensing  Opportunity) 

Predicted  Heat-Sink  Effects  (Licensing  Opportunity) 

Uniform-Dead-Weight  Brazing — Uniformly  distributed 
weight  increases  yield  and  reduces  costs. 


Other  Items  of  Interest 

01 77     Software  for  Supervisory  and  Shared  Control  of  a 
Robot — The  operator  can  choose  various  combina- 
tions of  manual  and  automatic  control.  (Licensing 
Opportunity) 


0202 
0203 
0204 
0205 


0206 


0207 


0208 


0209 


High-Temp  Material 

Inorganic  Membrane 

Silicon  Fabricated  on  Insulator  Materials 

Crystalline  Imide/Arylene  Ether  Copolymers — 
Crystalline  imide  blocks  impart  excellent  mechanical 
properties  to  the  copolymers.  (Licensing  Opportunity) 

Alloy  Has  High  Fatigue  Strength  in  Hydrogen — High- 
energy  microstructural  surfaces  that  entrap  hydrogen 
are  largely  eliminated.  (Licensing  Opportunity) 

Development  of  Composite  Panels  for  Telescope 
Mirrors — Methods  of  design  and  fabrication  are 
discussed. 

Effects  of  Interference  on  Scattering  by  Parallel 
Fibers — Interference  decreases  the  scattering 
efficiency. 

Fluidized-Bed  Silane-Decomposition  Reactor — 
Silicon  is  deposited  on  fluid-bed  particles  instead  of 
on  the  reactor  walls.  (Licensing  Opportunity) 


Testing  &  Instrumentation 

0210  Measuring  Electrical  Resistivity  of  Compacted 
Powder — A  simple  device  compacts  a  specimen  and 
measures  both  its  resistance  and  its  dimensions. 

Other  Items  of  Interest 

01 90  Fit-Up  of  Composites  in  Manufacturing 

0191  Electroslag  Cladding  of  Main  Propulsion  Shafting 

0194     Crack-Free,  Nondistorting  Can  for  Hot  Isostatic 
Pressing — Outgassing  and  warping  are  reduced. 
(Licensing  Opportunity) 

0224     Improved  Interferometric  Photorefractive  Optical 

Processor — Processing  speed  is  increased  substan- 
tially. 

Medicine  &  Biology 

021 1  Using  Smart  Lasers  to  Unclog  Arteries 

0212  New  Method  More  Accurately  Measures  Body  Fat  in 
Patients 

0213  Tests  Promote  Health 

0214  Compensating  for  Movement  of  Eye  in  Laser 
Surgery — An  optical  joint  transform  would  track  the 
lateral  position  of  the  retina.  (Licensing  Opportunity) 

0215  Sensing  Temperatures  Via  Prostheses  and  Manipu- 
lators— Heat  and  cold  are  applied  to  the  operator's 
back. 

0216  Source  and  Sink  of  Iodine  for  Drinking  Water — Iodine 
from  a  temperature-controlled  iodinated  ion-ex- 
change bed  would  kill  microbes  in  water. 

Testing  &  Instrumentation 

0217  Computer-Driven  Keratometer — A  simple  optical 
system  would  measure  corneal  deformations. 
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Natural  Resources  Technology  & 
Engineering 

021 8  Borehole  Seismic  Receiver  Improves  Imaging  of  Oil 
Fields 

Physical  Sciences 

0219  FALCON  Reactor-Driven  Laser  Experiments  Show 
Potential 

0220  Calculating  Electronic  Spectra  of  Diatomic  Mol- 
ecules— Studies  of  vehicles  reentering  the  atmo- 
sphere require  knowledge  of  nonequilibrium  effects. 

0221  Reversible  Chemisorption  Gas-Gap  Thermal 
Switch — Gas/sorbent  combinations  provide  means  to 
turn  heat-conduction  paths  on  off. 

0222  Separation  of  Liquid  and  Gas  in  Zero  Gravity — Tanks 
would  double  as  cyclone  separators. 

Software 

0223  Contamination  Analysis  Program — This  program 
models  emission,  reemission,  deposition,  and 
reflection  of  mass  fluxes. 

Testing  &  Instrumentation 

0224  Improved  Interferometric  Photorefractive  Optical 
Processor — Processing  speed  is  increased  substan- 
tially. 

Other  Items  of  Interest 

01 72     Pneumatic  Spoiler  Controls  Airfoil  Lift — Forward  air 
ejection  reduces  lift  locally  to  aid  in  balancing  or 
maneuvering. 

01 83     Digital  Image  Velocimetry — Images  of  seeded  flows 
would  be  processed  to  obtain  velocity  maps. 

0209     Fluidized-Bed  Silane-Decomposition  Reactor — 

Silicon  is  deposited  on  fluid-bed  particles  instead  of 
on  the  reactor  walls.  (Licensing  Opportunity) 

Transportation  &  Components 

0225  The  Minnesota  Test  Road— MNROAD 

0226  Selectable-Towline  Spin-Chute  System— One 
parachute  can  be  deployed  from  multiple  attachment 
points.  (Licensing  Opportunity) 


Agriculture  &  Food 


0124  Portable  Power  Platform 

0125  Looking  Into  a  Cotton  Cell 

0126  Capillary-Effect  Root  Environment  System — Capillary  forces  in  a 
membrane  prevent  excess  flow. 

Other  Items  of  Interest 
0156    Seedling  Box  Lifter 


United  States  Department  of  Agriculture 
Forest  Service 

Technology  & 
Development  Program 


2400 


9224-230 1-MJDC 


Portable  Power  Platform 

Keith  Windell,  Project  Leader 


Testing  portable  power  platform  performance  on  hillside. 

An  off-road  vehicle  that  both  transports  equipment  and 
provides  a  lightweight  power  source  for  operating  a 
variety  of  implements  and  hand-held  tools  has  been 
assembled  at  MTDC.    The  unit  is  currently  being 
tested  for  its  application  to  Reforestation  programs. 
Recreation,  Range,  and  Fire  will  also  benefit .  The 
vehicle  selected  as  the  prime  mover  for  this  project  is 
the  Iron  Horse  Caddy  Tractor,  manufactured  by 
Electro  Mekan  of  Arjang,  Sweden.  Electro  Mekan  is  a 
subsidiary  of  Husqvarna.  This  unit  was  chosen  after  a 
market  search  by  Missoula  Technology  and 
Development  Center  engineers.  The  JH125  Model 
Iron  Horse  is  a  tracked  vehicle  that  weighs  878  lbs 
when  an  empty  steel  platform  is  attached  and  is 
powered  by  a  four-stroke  5  hp  Honda  engine.  The 
basic  unit  is  rated  to  carry  1 ,1 02  lbs. 


MTDC  conducted  an  extensive  evaluation  of  the  Iron 
Horse  that  focused  primarily  on  its  load  carrying  and 
terrain  capabilities  and  the  safety  aspects  of  its  field 
operations.  MTDC  concurrently  began  the  design, 
fabrication,  and  testing  of  numerous  accessories  for 
the  Iron  Horse.  The  platform  proved  to  be  safe  and 
maneuverable.  The  fabricated  power  pack  supplied 
more  than  enough  power  to  operate  hydraulic  hand 
tools  and  an  experimental  rotating  disc  scarifier.  The 
platform  was  used  to  accomplish  such  tasks  as 
pruning,  thinning,  and  chipping  with  mixed  results. 

A  bulk  load  carrier  for  the  platform  was  designed  and 
field  tested  by  a  fire  crew  on  the  Lolo  National  Forest 
in  FY  1990.  They  mounted  a  72-gallon  water  blivet 
and  pump  on  the  carrier  to  help  with  mop-up  activities. 
They  reported  the  system  to  be  very  stable  in  the 
forest  environment  and  to  have  a  good  potential  for 
firefighting. 

A  multi-purpose  hydraulic  power  pack  was  completed 
and  also  tested  in  FY  1990.  This  unit  is  powered  by 
an  18  hp  gasoline  engine  that  drives  a  pressure 
compensated  variable  displacement  hydraulic  pump. 
The  system  has  a  15-gallon  hydraulic  oil  reservoir  and 
two  sets  of  quick  disconnect  outlets.  These  are 
controlled  by  manually  actuated  three-position  detent 
valves.  At  3,000  ft  above  sea  level  the  power  pack 
can  put  out  7.5  gallons  per  minute  at  2,000  pounds  per 
square  inch. 


Chipping  slash 


TO 


For  additional  Information  contact;  Keith  Windell.  Project  Leader.  Missoula  Technology  &  Development  Center   Bldg  I.  Fort 
Missoula.  Missoula.  MT  59801   Phone:  406-329-3956:  RS:  585  3956:  FAX:  406-329-3719.   DG-K.WmdelimiA 
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Hydraulic  power  pack  with  experimental  scarifier. 


A  rotating  disc  scarifier  was  developed  for  use  with  the 
hydraulic  power  pack.  The  first  design  was  limited  to 
use  on  slopes  of  less  than  15  percent.  A  second 
down-sized  version  with  the  ability  to  operate  in 
steeper  terrain  is  being  developed. 

A  small  brush  chipper  was  mounted  on  the  Iron  Horse 
and  tested  in  FY  1990.  The  unit  tested  can  chip 
material  up  to  4  inches  in  diameter.  This  system  with 
its  ease  of  maneuverability  offers  a  viable  alternative 
to  stacking  and  burning  slash. 

The  platform  is  undergoing  final  field  tests  with  the 
various  accessories.  Results  will  be  evaluated  and 
appropriate  changes  will  be  incorporated  into  the 
system.    Some  of  the  accessories  used  to  show  the 
utility  of  the  portable  power  platform  concept  are 
already  commercially  available.  The  others  are 
prototypes  built  by  the  MTDC  shop.  A  progress  report 
on  preliminary  test  results  is  available  from  MTDC, 
Portable  Power  Platform,  9124-2818-MTDC. 


For  information,  contact 
Keith  Windell, 
Project  Leader  at: 

USDA  Forest  Service 
Missoula  Technology  & 
Development  Center 
Bldg.  1 ,  Fort  Missoula 
Missoula,  MT5980I 
(406)  329-3956; 
FTS  585-3956 


Bulkload  carrier. 


Power  platform  used  as  a  water  tanker. 


Hydraulic  thinning  tools  preceded  by  power  platform 


The  Forest  Service.  U.S.  Department  ot  Agriculture  has  developed  this 
information  lor  the  guidance  ol  its  employees,  its  contractors,  and  its 
cooperating  Federal  and  State  agencies,  and  is  not  responsible  lor 
the  interpretation  or  use  ot  this  information  by  anyone  except  its  own 
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any  product  or  service  to  the  exclusion  ol  others  that  mav  be  suitable 
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Looking  Into  a  Cotton  Cell 


Imagine  being  able  to  study  how  a 
plant  goes  about  the  process  of  living 
while  the  process  is  underway  instead 
of  having  to  examine  a  still  life  slice  of 
plant  tissue. 

That's  what  ARS  chemist  Judy  D. 
Timpa  is  doing  with  cotton  by  putting 
to  work  a  machine  more  commonly 
seen  in  medicine  than  in  agriculture. 

Timpa  and  researcher  John  M. 
Brown  at  the  University  of  Missouri 
Medical  School  have  begun  using 
magnetic  resonance  imaging  (MRI)  to 
look  at  anatomical  and  physiological 
changes  that  occur  during  cotton  seed 
and  fiber  development  as  the  changes 
actually  occur. 

To  produce  its  living  images,  MRI 
surrounds  a  subject,  in  this  case  a 
cotton  plant  complete  with  roots,  plastic 
pot,  and  soil,  with  a  powerful  magnetic 
field.  So  powerful  is  the  field  that  the 
nuclei  of  certain  atoms  in  the  plant  line 
up  parallel  to  it. 

Then  the  nuclei  are  jolted  with  high 
frequency  radio  waves,  which  causes 
them  to  resonate  like  microscopic 
tuning  forks.  Each  atom  resonates  with 
its  own  specific  faint  radio  signal, 
which  can  be  read  and  translated  into  a 
live  televised  or  photographed  image. 

But  the  technique  does  absolutely  no 
harm  to  tested  plants,  animals,  or  people. 

"What  we  finally  have  is  a  noninva- 
sive technique  that  lets  us  see  what  is 
going  on  inside  the  cotton  plant," 
Timpa  explains.  "We've  been  able  to 


see  seed  development  very  clearly." 

In  a  recently  completed  pilot  study 
testing  MRI.  Timpa  has  been  able  to 
observe  changes  in  physiology 
within  the  cotton  boll,  including  the 
fiber  masses  at  different  stages  of 
development. 

A  major  advantage  of  MRI  is  that  it 
doesn't  require  destruction  of  the  plant. 

"I  can  look  at  what  is  going  on  in  the 
boll  where  fiber  is  formed  at  8  days 
after  flowering  and  go  back  to  that 
same  plant  to  see  what  is  going  on  at  25 
days.  It's  a  whole  lot  better  than 
relying  on  the  expectation  that  sibling 
plants  will  behave  exactly  the  same 
way  as  those  sampled  on  the  first  date," 
Timpa  says. 

Another  use  Timpa  has  in  mind  for 
MRI  is  to  reveal  how  cotton  plants  react 
physiologically  to  environmental 
stresses  such  as  drought  as  the  reaction 
is  going  on. 

"We  can  actually  track  the  flow  of 
water  molecules  through  the  plant — in 
the  leaves  and  the  bolls — and  see  what 
else  changes,  instead  of  disturbing  the 
tissue  structures  in  the  process  of 
preparing  a  specimen  for  analysis  or 
microscopic  examination,"  Timpa  says. 
"With  MRI,  we've  got  a  whole  new 
horizon  for  cotton  research." 

Judy  Timpa  is  a  chemist  at  the  ARS 
Southern  Regional  Research  Center, 
IKK)  Robert  E.  Lee  Blvd.,  New  Orleans, 
LA  70124.  Phone  (504)  2H6-4275.  ♦ 
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Capillary-Effect  Root-Environment  System 

Capillary  forces  in  a  membrane  prevent  excess  flow. 


The  capillary-effect  root-environment 
system  (CERES)  is  an  experimental  appa- 
ratus for  growing  plants  in  nutrient  solu- 
tions. Although  the  apparatus  was  con- 
ceived for  use  in  the  microgravity  of  space, 
it  may  also  find  terrestrial  application  in 
germinating  seedlings,  because  it  can  pro- 
tect them  from  extremes  of  temperature, 
moisture,  and  soil  pH  and  from  overexpo- 
sure to  fertilizers  and  herbicides. 

The  CERES  includes  a  plastic  screen  in 
a  recess  in  a  plastic  plate  (see  figure).  A 
porous  membrane  is  placed  over  the  screen 
and  sealed  at  the  edges  of  the  recess.  Root 
hairs  are  placed  on  the  membrane. 

Hydroponic  water  solution  flows  from  a 
container  through  the  interstices  of  the 
screen,  beneath  the  membrane.  A  peristal- 
tic pump  returns  the  solution  to  the  con- 
tainer. Where  a  root  touches  the  mem- 
brane, its  adsorptive  attraction  draws  the 
solution  through  the  membrane  so  that  it 
forms  a  film  around  the  root.  A  slight  ten- 
sion in  the  flowing  water  prevents  exces- 
sive accumulation  on  the  outside  surface 
of  the  membrane. 

The  roots  are  thus  supplied  continuous- 
ly with  water  and  nutrients  as  well  as  with 


Nutrient  Solution 
Drawn  to  Root  Hair 


Root  Hair 


Membrane 


Nutrient  Solution 
Circulating  at 
Pressure  Slightly 
Less  Than  Atmospheric 


Nutrient  Solution  Is  Circulated  at  a  slight  tension  in  a  cavity  filled  with  plastic  screen  and 
covered  by  a  porous  plastic  membrane.  By  adsorptive  attraction,  the  root  draws  solution 
through  the  membrane. 


air,  while  the  flow  of  the  solution  is  con- 
trolled. Capillary  forces  in  the  membrane 
help  to  regulate  the  flow.  Tomato  plants 
grown  in  a  prototype  of  the  apparatus  were 
similar  in  size  and  shape  to  those  grown  in 
a  more  conventional  hydroponic  trough 
with  a  thin  film  of  flowing  nutrient  solution. 


Root  hair  was  strongly  developed  and 
roots  were  healthily  branched. 

This  work  was  done  by  Bruce  D.  Wright 
of  Colorado  State  University  for  Kennedy 
Space  Center.  KSC-11350/TN 
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Human  Expertise  Helps  Computer  Classify  Images 

The  computational  abstraction  of  image  data  is  related  to  human  classification  via  a  mapping. 

The  two-domain  method  of  computa- 
tional classification  of  images  requires  less 
computation  than  do  other  methods  for  the 
computational  recognition,  matching,  or 
classification  of  images  or  patterns.  It  does 
not  require  explicit  computational  match- 
ing of  features,  and  it  incorporates  human 
expertise  without  requiring  the  translation 
of  the  mental  processes  of  classification 
into  language  comprehensible  to  a  com- 
puter. The  method  was  conceived  to  "train" 
a  computer  to  analyze  photomicrographs 
of  microscope-slide  specimens  of  leuco- 
cytes from  human  peripheral  blood  in  such 
a  way  as  to  distinguish  between  speci- 
mens from  healthy  and  specimens  from 
traumatized  patients. 

As  its  name  implies,  the  two-domain 
method  involves  the  melding  of  analyses, 
in  two  domains,  of  the  images  in  a  collec- 
tion (see  figure).  Let  the  collection  be  de- 
noted as  C.  In  one  domain,  a  human  ex- 
pert examines  all  possible  pairs  of  images 
in  C  and  intuitively  assigns  a  quantitative 
index  of  dissimilarity  to  every  pair.  These 
indices  are  processed  in  an  abstract  n- 
dimensional  space  by  conventional  multi- 
dimensional-scaling techniques  to  obtain 
a  real-valued  ordering  of  the  images  ac- 
cording to  their  dissimilarities.  Let  this  or- 
dering be  denoted  as  $.  In  following  this 
ordering  procedure,  it  is  unnecessary  to 
know  explicitly  what  features  the  expert  ex- 
amines or  what  rules  the  expert  uses  in 
judging  dissimilarities:  all  aspects  of  the 
mental  process  of  classification  are  al- 
ready implicit  in  <t>. 

In  the  other  domain,  the  images  in  C 
are  digitized  and  processed  to  extract  a 
number  of  general  primitive  features  ren- 
dered as  histograms.  In  the  original  leu- 
cocyte-image application,  the  following  six 
features  are  extracted:  gray  levels,  inten- 
sities of  edges,  slopes  of  edges,  lengths 
of  lines,  linear  distances  from  the  origin, 
and  angular  distances  from  the  origin. 
Other  features  or  numbers  of  features 
could  be  used.  The  histograms  for  each 
image  are  converted  into  Lorenz  measures 
(which  are  based  on  statistics)  of  the  in- 
formation in  them,  and  the  Euclidean  dis- 
tances among  all  pairs  over  all  such  meas- 
ures are  computed  to  produce  a  matrix. 
This  matrix,  denoted  as  M,  embodies  the 
result  of  the  primitive  computational  anal- 
ysis. 
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The  Two-Domain  Method  incorporates  the  judgment  of  a  human 
expert  into  a  quantitative  analysis  ot  selected  features  of  images  to 
"train"  a  computer  to  classify  images. 


The  complicated  problem  of  the  classi- 
fication of  images  then  becomes  one  of 
finding  a  mapping  from  <J>  to  M  under  the 
assumption  that  the  mapping  can  be  used 
to  classify  images  other  than  those  in  C. 
The  process  of  finding  the  mapping  begins 
with  the  extraction  of  the  original  measures 
from  the  primitive  computational  analyses 
of  each  pair  of  images  judged  by  the  hu- 


man expert.  Then  Euclidean  distances  for 
both  primitive  computational  measures 
and  intuitively  assigned  dissimilarity  in- 
dices are  computed.  Next,  weights  are 
derived  via  a  multiple-regression  calcula- 
tion in  which  the  Euclidean  distances  from 
the  product  of  the  multidimensional-scal- 
ing analysis  of  the  human  judgments  are 
the  dependent  variables  and  the  Euclidean 
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distances  among  images  according  to  the 
primitive  computational  analyses  of  them 
are  the  independent  variables.  The  pre- 
dicted values  are  resubmitted  to  the  multi- 
dimensional-scaling process,  and  the  final 
ordering,  <P,  is  produced  in  an  n-dimenional 
space. 

The  two-domain  method  is  general 
enough  to  be  applicable  to  problems  other 
than  the  classification  of  the  leucocyte- 
slide  images.  For  example,  it  could  be  used 
to  search  large  data  bases  in  which  im- 
ages are  represented  as  feature  compo- 
nents. In  an  application  of  this  kind,  the 


method  would  be  applied  iteratively  to 
classes  of  images  by  segregating  and 
mapping  smaller  classes  of  imagery.  Such 
an  application  could  be  critical  in  the  iden- 
tification of  desired  sets  of  images  that 
cannot  be  described  linguistically  because 
of  intellectual  or  economic  constraints. 

This  work  was  done  by  Mark  E.  Rorvig 
of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 


Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21737/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483^871 
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Magnetic  Analog  Random-Access  Memory 

Attributes  would  include  fast  access,  low  power,  nonvolatility,  and  high  storage  density. 


A  proposed  integrated,  solid-state,  ana- 
log random-access  memory  would  be 
based  on  a  principle  of  magnetic  writing 
and  magnetoresistive  reading.  The  mem- 
ory is  intended  to  provide  high  storage  den- 
sity (equivalent  to  a  digital-memory  densi- 


ty of  >  1  Mb/cm2)  and  rapid  access  (< 
100  ns),  to  be  nonvolatile,  to  consume 
relatively  little  power,  and  to  be  relatively 
invulnerable  to  ionizing  radiation. 

Each  cell  of  the  proposed  memory  (see 
Figure  1)  would  be  configured  so  that 


writing  and  reading  processes  would  be 
performed  by  circuits  that  are  electrically 
isolated  from  each  other  and  from  the 
storage  medium.  The  writing  current  would 
flow  in  an  upper  conductive  layer  (e.g., 
aluminum),  inducing  a  magnetic  field  in  a 
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Figure  1.  Current  in  the  Writing  Conductor  would  magnetize  the  storage  layer.  The  remanent  magnetization  in  the  storage  layer  would 
penetrate  the  readout  layer  and  be  detected  by  the  magnetoresistive  effect  or  the  Hall  effect. 


Reading 
Current 


Read/Write 
Select 


C| 


Inverter 


Writing 
Current 


n 


hcmc 


Load 
'Transistor 

Amplifier 


Cj  +  1 


cr?u>- 


Output 
Voltage 


hchH 


Ground  — >> 


Ground 


<i  +  1 


Figure  2.  Memory  Cells  would  be  parts  of  an  integrated  circuit  that  would  also  in- 
clude the  associated  reading  and  writing  transistors. 


ferromagnetic  or  ferrimagnetic  (e.g.,  sput- 
tered y  Fe20J  intermediate  layer.  When 
the  writing  current  was  turned  off,  the  rem- 
anent magnetization  in  this  magnetic  layer 
would  represent  the  stored  datum. 

The  remanent  magnetic  field  in  the  stor- 
age layer  would  be  channeled  into  a  low- 
er readout  layer  by  pieces  of  highly  mag- 
netically permeable  material  (e.g.,  Ni/Fe 
alloy)  at  the  edges  of  these  layers.  The 
readout  layer  would  be  a  magnetoresistive 
material  (e.g.,  InSb,  Bi,  NiFe,  or  NiFeCo) 
or  a  Hall-effect  material  (e.g.,  InSb).  In  the 
readout  process,  a  known  current  would 
be  passed  through  this  layer,  extracting  the 
datum  in  the  form  of  the  applicable  mag- 
netoresistive or  Hall  component  of  the 
readout  voltage. 

A  conventional  demagnetization  pro- 
cedure would  be  used  to  erase  a  datum 
and  prepare  the  cell  to  store  a  new  datum. 
Typically,  this  would  involve  the  application 
of  a  sinusoidal  writing  current,  the  ampli- 
tude of  which  would  be  decreased  grad- 
ually from  an  initial  saturation  level  to  bring 
the  remanent  magnetization  nearly  to  zero 
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via  a  sequence  of  diminishing  minor  hys- 
teresis loops. 

Figure  2  illustrates  a  portion  of  a  pro- 
posed integrated-circuit  version  containing 
four  memory  cells.  In  this  case,  the  mem- 
ory cell  to  be  addressed  would  be  the  one 
at  the  intersection  of  row  ft,  and  column 
C/.  During  the  writing  process,  the  voltage 
on  the  read/write-select  line  would  be  such 
as  to  inhibit  the  reading  current  and  to 
allow  the  writing  current  to  pass  toward 
the  memory  cells,  and  the  pass  transistors 
would  be  activated  to  direct  the  writing  cur- 
rent to  the  cell  at  ft,-,  C,  only.  During  the 
reading  process,  the  voltage  on  the  read/ 
write-select  line  would  be  such  as  to  in- 
hibit the  writing  current  and  to  pass  the 
reading  current  to  the  cell  at  ft,,  C,  only. 
The  readout  current  would  generate  a  volt- 
age across  a  load  transistor.  This  voltage 
would  be  amplified  to  yield  an  output  volt- 
age indicative  of  the  stored  datum. 


Each  cell  should  offer  high  sensitivity. 
When  readback  is  sensed  magnetoresis- 
tively,  for  example,  an  element  10  /im  by 
1  /tm  by  0.01  /tm  in  size  can  produce  a 
200,000-jtV  signal  excursion,  assuming  a 
sense  current  of  10  mA,  a  resistivity  (pg) 
of  ityim,  and  a  magnetoresistance  co- 
eficient  (Ap)  of.2  percent.  If  a  reasonable 
analog  sensitivity  of  20  /iV/level  is  as- 
sumed, then  10,000  levels,  or  13  bits,  can 
be  resolved.  Higher  bit  resolution  can  be 
achieved  by  increasing  sensor  length, 
sense  current,  and  Ap,  and  by  decreas- 
ing the  sensor's  width  and  thickness. 

This  work  was  done  by  Romney  R. 
Katti,  Jiin-Chuan  Wu,  and  Henry  L  Stadler 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive   license   for  its   commercial 


development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NPO-17998/TN. 

Jet  Propulsion  Lab. 
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Intelligent  Computerized  Training  System 

An  expert  system  acts  like  an  experienced,  dedicated  human  trainer. 


An  intelligent  computer-aided  training 
system  gives  trainees  much  of  the  same 
experience  that  would  be  gained  from  the 
best  on-the-job  training.  The  automated 
system  is  designed  to  emulate  the  behav- 
ior of  an  experienced  teacher  devoting  full 
time  and  attention  to  training  a  novice.  Like 
such  a  teacher,  the  system  proposes 
challenging  training  scenarios,  monitors 
and  evaluates  the  trainee's  actions,  makes 
meaningful  comments  in  response  to  the 
trainee's  errors,  responds  to  the  trainee's 
requests  for  information,  gives  hints  when 
appropriate,  and  remembers  the  trainee's 
strengths  and  weaknesses  so  that  it  can 
design  suitable  exercises. 

The  system  is  used  to  train  flight-dy- 
namics officers  in  deploying  satellites  from 
the  Space  Shuttle.  The  system  is,  however, 
a  general-purpose  one.  It  can  be  adapted 
to  training  for  a  variety  of  tasks  and  situa- 
tions, simply  by  modifying  one  or  at  most 
two  of  its  five  modules.  The  system  thus 
will  help  to  ensure  a  continuous  supply  of 
trained  specialists  despite  the  scarcity  of 
experienced  and  skilled  human  trainers. 

The  system  comprises  the  following 
modules  (see  figure). 

•  The  user  interface  —  usually  a  computer 
terminal  —  gives  the  trainee  access  to  the 
same  information  that  would  be  available 
in  performing  the  actual  task  and  enables 
the  trainee  to  give  commands  and  com- 
municate with  the  training  system. 

•The  domain  expert  is  an  expert  system 
that  carries  out  the  task  on  its  own,  using 
the  same  information  available  to  the 
trainee.  The  expert-system  software  also 
knows  the  errors  commonly  made  by 
trainees.  The  domain  expert  can  therefore 
detect  an  error,  diagnose  its  nature,  and 
provide  information  for  the  training  system 
to  correct  the  misconception  or  lack  of 
knowledge  that  led  the  trainee  to  commit 
the  error. 

•  The  training-session  manager  compares 
the  assertions  of  the  domain  expert  with 
the  actions  of  the  trainee  and  generates 
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error  messages  appropriate  to  the  stage 
of  development  of  the  trainee.  For  exam- 
ple, a  first-time  user  may  need  a  lengthy 
explanation,  while  an  experienced  trainee 
may  have  momentarily  forgotten  a  proce- 
dure and  needs  only  a  terse  reminder. 
•  The  trainee  model  stores  information  from 
the  training-session  manager  about  the 
trainee's  actions.  For  the  current  training 
session,  the  trainee  model  contains  a 
complete  record  of  correct  and  incorrect 
actions.  At  the  end  of  a  training  session, 
the  model  updates  a  summary  of  the  train- 
ee's progress. 
•The  training-scenario  generator  uses  a 
data  base  of  task  problems  to  develop 
unique  exercises  for  the  trainee.  It  adapts 
the  exercises  to  the  progress  of  the  train- 
ee and  to  the  particular  errors  to  which  the 
trainee  is  prone,  giving  the  trainee  extra 
practice  where  it  is  needed. 
The  modules  communicate  through  a 
common  data  base,  called  a  "blackboard." 
The  training-session  manager,  the  trainee 
model,  and  the  training-scenario  generator 
are  general  modules  in  the  sense  that  they 


are  not  limited  to  a  particular  task.  The  user 
interface  may  require  some  modification 
for  new  tasks.  The  domain  expert  must  be 
developed  anew  for  each  training  task. 

This  work  was  done  by  Lui  Wang  and 
Paul  Baffes  of  Johnson  Space  Center. 
R.  Bowen  Loftin  of  the  University  of 
Houston,  and  Grace  C.  Hua  of  Computer 
Science  Corp. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21381/TN. 


Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 
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Matrix  Encoding  for  Correction  of  Errors 

Some  burst  errors  in  digital  data  recorded  on  video  tape  can  be  corrected. 


A  method  of  matrix  encoding  and  the 
associated  decoding  provides  for  the  cor- 
rection of  errors  in  digital  data  recorded 
on  magnetic  tape.  The  method  is  intend- 
ed specifically  for  use  with  a  commercial 
control  circuit  board  and  associated  soft- 
ware that  make  it  possible  to  use  a  video 
cassette  recorder  as  a  backup  for  the  hard- 
disk  memory  of  a  personal  computer.  In 
this  equipment,  errors  in  recording  and 
playback  tend  to  occur  in  bursts  that  can 
span  several  contiguous  bytes  of  data.  The 
controller  detects,  but  does  not  correct, 
such  errors. 

The  encoding/decoding  method  described 
here  can  correct  bursts  of  up  to  15  con- 
secutive 8-bit  bytes  (120  bits)  of  erroneous 
or  missing  data,  provided  that  only  one 
such  burst  occurs  in  each  block  of  512 
bytes.  The  method  is  implemented  in  soft- 
ware, requiring  no  changes  in  the  existing 
hardware.  The  decoding  scheme  is  recur- 
sive; that  is,  it  provides  for  potentially  many 
different  attempts  to  correct  the  data  — 
something  that  most  hardware  correction 
schemes  do  not  do. 

During  recording  onto  the  video  tape, 
check  bytes  are  recorded  along  with  data 
bytes.  The  check  bytes  are  interspersed 
with  the  data  bytes  to  reduce  the  proba- 
bility of  corrupting  more  than  one  check 
byte  at  a  time.  Seventy-eight  of  the  512 
bytes  in  each  block  are  used  in  this  way, 
reducing  the  available  data  storage  by  15 
percent. 

Within  each  block,  the  data  and  check 
bytes  can  be  regarded  as  being  arranged 
in  chronological  order  into  32  rows  and  16 
columns  that  define  a  matrix  (see  figure). 
At  the  beginning  of  each  row  except  the 
first,  there  is  a  check  byte  that  serves  as 
a  synchronizing  character;  it  consists  of 
all  "one"  bits  (chosen  because  the  con- 
troller circuit  board  is  more  susceptible  to 
errors  when  there  are  long  strings  of 
"zero"  bits).  At  the  end  of  each  row  is  a 
character  that  contains  the  checksum  of 
all  other  characters  (except  the  synchroniz- 
ing character)  in  that  row.  Every  character 
at  every  1  of  the  14  data-byte  positions  in 
the  last  row  contains  the  checksum  of  all 
the  other  characters  in  its  column.  Two 
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Check  Bytes  that  serve  as  synchronizing 
and  checksum  characters  are  interspersed 
among  the  data,  and  the  total  of  51 2  bytes  in 
each  block  are  arranged  in  a  matrix  like  this 
one. 

other  checksum  characters  help  ensure 
the  integrity  of  the  checksum  characters 
themselves:  The  first  character  of  the  first 
row  contains  a  checksum  of  all  except  the 
last  place  in  the  last  column  (the  check- 
sum characters  for  each  row).  The  last 
character  of  the  last  row  contains  the 
checksum  of  all  except  the  first  and  last 
places  in  the  last  row  (the  checksum 
characters  for  each  column). 

This  simple  8-bit  sumcheck  scheme  is 
not  the  most  rigorous,  but  it  offers  the  ad- 
vantages of  requiring  very  little  computa- 
tional time,  requiring  a  small  amount  of 
space  in  the  matrix,  and  making  it  possi- 
ble to  determine  what  any  single  missing 
or  corrupted  character  or  string  of  charac- 
ters should  have  been  in  any  row  or  col- 
umn. The  two  redundant  sumchecks  of 
each  data  character  (both  rows  and  col- 
umns) usually  make  it  possible  to  deter- 
mine which  character  in  a  row  or  column 
has  to  be  corrected.  By  checksumming 


the  checksums,  one  can  sometimes  even 
correct  the  checksums  if  one  can  deter- 
mine which  one  of  them  is  erroneous. 

The  decoding  program  first  tries  to  de- 
termine whether  the  data  are  aligned  by 
inspecting  the  synchronizing  characters 
and  checksums.  If  the  data  are  not  aligned 
(i.e.,  there  is  a  total  dropout  of  one  or  more 
characters),  it  attempts  to  realign  the  data. 
If  this  fails,  no  further  attempts  are  made 
to  correct  data. 

Next,  the  checksums  are  examined, 
and  attempts  are  made  to  correct  the  er- 
roneous ones.  Then  a  pass  is  made  over 
the  data  to  try  to  correct  them.  Occasional- 
ly, everything  is  found  to  be  correct  even 
though  the  controller  has  indicated  an  er- 
ror. In  such  a  case,  the  internal  code  used 
by  the  controller  is  probably  corrupted. 

777/s  work  was  done  by  Ronald  S.  Dot- 
son  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NP0-17834/TN. 

Jet  Propulsion  Lab. 
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Mail  Stop  180-801 
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Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


130 


IWVSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Study  of  Candidate 
Architectures  for 
Data  Processor 

Several  architectures 
are  analyzed  in  terms  of 
performance,  power,  size, 
bit-error  rate,  and  reliability. 

A  report  discusses  candidate  architec- 
tures for  a  digital  computer  system  that 
is  to  be  part  of  a  communication  system 
in  a  spacecraft.  The  computer  system  is 
to  include  an  80386  microprocessor,  a  di- 
rect-memory-access (DMA)  controller,  a 
random-access  memory  (RAM)  of  8K 
words  of  32  bits  each,  an  input/output 
channel  based  on  the  MIL-STD  1553a  pro- 
tocol, and  a  port  to  a  Multibus  II  (or  equiv- 
alent) bus. 

The  candidate  architectures  are  the 
following: 


•  Baseline.  The  direct-memory-access 
controller  contends  with  the  microproc- 
essor to  obtain  access  to  memory.  There 
is  no  error-detecting-and-correcting 
coding  (EDC). 

•  Dual-Port.  The  contention  for  access  to 
memory  is  eliminated  by  making  the  RAM 
a  dual-port  unit.  In  one  version  of  this  ar- 
chitecture, the  RAM  is  equipped  with  full 
EDC;  in  the  other,  with  partial  EDC. 

•  Dual-Bus.  This  represents  a  compromise 
between  the  baseline  and  dual-port  ar- 
chitectures. A  bus-arbitration  unit  resolves 
the  contention  for  access  to  memory. 

These  architectures  were  analyzed  on 
the  basis  of  data  supplied  by  the  manufac- 
turers of  the  component  circuits.  The  pri- 
mary issues  in  the  analysis  were  per- 
formance, rates  of  bit  errors  attributable 
to  single-event  upsets  (caused  by  ionizing 
radiation),  reliability,  size,  and  dissipation 
of  power.  In  the  analysis  of  performance, 


the  effect  of  printed-circuit-board  capaci- 
tances on  cycle  times  was  an  important 
consideration. 

The  numerical  results  of  the  analysis 
show  that  the  dual-port  architecture  with 
full  EDC  offers  the  highest  performance 
(in  terms  of  speed),  with  bit-error  rates 
equal  to  those  of  the  baseline  and  dual- 
bus  architectures.  The  most  significant 
disadvantage  of  the  dual-port  architecture 
is  that  its  size,  demand  for  power,  and  num- 
ber of  component  integrated-circuit  chips 
are  greater  than  those  of  the  baseline  ar- 
chitecture. The  increase  in  the  number  of 
chips  requires  an  increase  in  the  number 
of  wire  bonds,  with  a  concomitant  moder- 
ate reduction  in  reliability. 

This  work  was  done  by  Lou  McRoberts 
of  Motorola  Inc.  for  Johnson  Space 
Center.  "Processor  Architecture 
Analysis."  MSC-21690/TN 
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Computing  Availability  and 
Reliability  for  a  System 

Elements  that  contribute  most 
to  the  failure  of  the  system 
are  identified  quickly. 

The  Reliability/Availability  Analysis 
(RELAV)  computer  program  is  a  comprehen- 
sive analytical  software  tool  to  determine  the 
reliability  or  availability  of  any  general  sys- 
tem that  can  be  modeled  as  embedded 
k-out-of-n  groups  of  items  (components) 
and/or  subgroups.  Both  ground  and  flight 
systems  at  NASA's  Jet  Propulsion  Labora- 
tory have  used  this  program.  RELAV  can 
be  used  to  assess  the  performance  of  a 
system  during  the  late  testing  phases  of 
the  design  of  the  system,  to  model  can- 
didate designs  and/or  architectures,  or  to 
validate  and  form  predictions  during  the 
early  phases  of  a  design. 

Systems  are  commonly  modeled  as  sys- 
tem block  diagrams  (SBD's).  RELAV  calcu- 
lates the  probability  of  success  of  each 
group  of  items  and/or  subgroups  within  the 
system,  assuming  that  k-out-of-n  operating 
rules  apply  for  each  group.  The  program 
operates  on  a  folding  basis;  i.e.,  it  works 
its  way  toward  the  system  level  from  the 
most  embedded  level  by  folding  related 
groups  into  single  components.  The  entire 
folding  process  involves  probabilities:  there- 


fore, problems  of  availability  are  solved  in 
terms  of  probabilities  of  success,  and  prob- 
lems of  reliability  are  solved  for  missions 
of  specific  length.  An  enhanced  cumula- 
tive binomial  algorithm  is  used  for  groups 
in  which  all  probabilities  are  equal,  while 
a  fast  algorithm  based  upon  "Computing 
k-out-of-n  System  Reliability,"  Barlow  & 
Heldtmann,  IEEE  Transactions  on  Reliabili- 
ty, October  1984,  is  used  for  groups  with 
unequal  probabilities. 

Inputs  to  the  program  include  a  descrip- 
tion of  the  system  and  any  one  of  the  fol- 
lowing: (1)  availabilities  of  the  items,  (2) 
mean  times  between  failures  and  mean 
times  to  repairs  for  the  items  from  which 
availabilities  are  calculated,  (3)  mean  times 
between  failures  and  lengths  of  missions 
from  which  reliabilities  are  calculated,  or 
(4)  rates  of  failure  and  lengths  of  missions 
from  which  reliabilities  are  calculated.  The 
results  are  probabilities  of  success  of  each 
group  and  the  system  in  the  given  config- 
uration. 

RELAV  assumes  exponential  failure  dis- 
tributions for  calculations  of  reliability  and 
unlimited  repair  resources  for  calculations 
of  availability.  No  more  than  967  items  or 
groups  can  be  modeled  by  RELAV.  If  larger 
problems  can  be  broken  into  subsystems 
of  967  items  or  less,  the  results  for  the  sub- 
systems can  be  used  as  item  inputs  to  a 
system  problem.  The  calculated  availabili- 


ties are  steady-state  values.  Group  results 
are  presented  in  the  order  in  which  they 
were  calculated  (from  the  most  embedded 
level  out  to  the  system  level).  This  provides 
a  good  mechanism  to  perform  trade  studies. 
Starting  from  the  result  for  the  system  and 
working  backward,  the  granularity  gets 
finer;  therefore,  elements  that  contribute 
most  to  the  degradation  of  the  system  are 
detected  quickly. 

RELAV  is  a  C-language  program 
originally  developed  under  the  UNIX  op- 
erating system  on  a  MASSCOMP  MC500 
computer.  It  has  been  modified,  as  nec- 
essary, and  ported  to  an  IBM-PC-com- 
patible computer  with  a  math  coprocessor. 
The  current  version  of  the  program  runs 
in  the  DOS  software  environment  and  was 
compiled  with  Turbo  C  vers.  2.0.  RELAV 
has  a  memory  requirement  of  103  KB  and 
was  developed  in  1989.  RELAV  is  a  copy- 
righted program. 

This  program  was  written  by  Paul  N. 
Bowerman  and  Kevin  P.  Clark  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-18051/TN 
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Expert  Script  Generator 

This  program  provides  an 
additional  level  of  interface 
to  facilitate  use  of  a 
telerobotic  system. 


The  Automation  Technology  Branch  of 
NASA's  Langley  Research  Center  is  em- 
ploying increasingly  complex  degrees  of 
operator/robot  cooperation  (telerobotics). 
A  good  relationship  between  the  operator 
and  computer  is  essential  for  smooth  per- 
formance by  a  telerobotic  system.  ESG  (Ex- 
pert Script  Generator)  is  a  software  pack- 
age that  automatically  generates  high-level 
task  objective  commands  from  the  com- 
plex menu-driven  language  of  the  NASA 
Intelligent  Systems  Research  Laboratory 
(ISRL). 

ESG  reduces  errors  and  makes  the  tele- 
robotics  laboratory  accessible  to  research- 
ers who  are  not  familiar  with  the  compre- 
hensive language  developed  by  ISRL  for 
interacting  with  the  various  systems  of  the 
ISRL  test  bed.  ESG  incorporates  expert- 
system  technology  to  capture  the  typical 
rules  of  operation  that  a  skilled  operator 
would  use.  The  result  is  an  operator  inter- 
face that  optimizes  the  ability  of  the  system 
to  perform  a  task  remotely  in  a  hazardous 
environment,  in  a  timely  manner,  and  with- 
out undue  stress  to  the  operator,  while 
minimizing  the  chance  for  operator  errors 
that  may  damage  equipment. 


The  intricate  menu-driven  command  in- 
terface that  provides  for  various  control 
modes  of  both  manipulators  and  their  as- 
sociated sensors  in  the  TeleRobotic  Sys- 
tem Simulation  (TRSS)  software  has  a  syn- 
tax that  is  both  irregular  and  verbose.  ESG 
eliminates  the  following  two  problems  with 
this  command  "language":  (1)  knowing  the 
correct  command  sequence  to  accom- 
plish a  task  and  (2)  putting  in  a  known  com- 
mand sequence  without  typographical  and 
other  errors.  ESG  serves  as  an  additional 
layer  of  interface,  working  in  conjunction 
with  the  menu  command  processor,  not 
supplanting  it. 

By  specifying  such  task-level  com- 
mands as  GRASR  CONNECT,  and  the  like, 
ESG  generates  the  appropriate  menu  ele- 
ments to  accomplish  the  task.  These  ele- 
ments are  collected  in  a  script  file  that  can 
then  be  executed  by  the  ISRL  menu  com- 
mand processor.  In  addition,  the  operator 
can  extend  the  list  of  task-level  commands 
to  include  customized  tasks  composed  of 
subtask  commands.  This  mechanism  gives 
the  operator  the  ability  to  build  a  task-hier- 
archy tree  of  increasingly  powerful  com- 
mands. ESG  also  provides  automatic  re- 
generation of  scripts  based  on  what  the 
system  "knows"  about  updates  on  the  tel- 
erobotic environment.  The  commands  gen- 
erated by  ESG  can  be  displayed  at  the  ter- 
minal screen  and/or  stored. 

ESG  is  implemented  as  a  rule-based  ex- 
pert system  written  in  CLIPS  (C  Language 
Integrated  Production  System).  The  sys- 
tem consists  of  a  knowledge  base  of  task 


heuristics,  a  static  (unchanged  during  ex- 
ecution) data  base  that  describes  the  phys- 
ical features  of  objects,  and  a  dynamic 
(may  change  as  a  result  of  fulfillment  of 
tasks)  data  base  that  records  changes  in 
the  environment.  Capabilities  are  provided 
for  the  addition  of  new  environmental  ob- 
jects and  for  the  modification  of  existing 
objects  and  of  data  on  configurations  that 
are  provided.  Options  for  interactively  view- 
ing the  values  of  both  static  and  dynamic 
attributes  of  items  in  data  bases  are  pro- 
vided. Execution  of  the  ESG  can  be  sus- 
pended to  allow  access  to  functions  at  the 
system  level. 

ESG  was  implemented  on  a  VAX  11/780 
computer  with  the  VMS  4.7  operating  sys- 
tem, using  a  terminal  compatible  with  a 
VT100.  Its  source  code  is  47  percent  CLIPS 
and  53  percent  C  language,  with  a  memory 
requirement  of  approximately  205  KB.  The 
program  was  developed  in  1988. 

This  program  was  written  by  Nancy  E. 
Sliwa  of  Langley  Research  Center  and 
Eric  G.  Cooper  of  Planning  Research 
Corp.  LAR-14065/TN 
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Program  for  Parallel 
Discrete-Event  Simulation 

The  user  does  not  have 
to  add  any  special  logic 
to  aid  in  synchronization. 

The  Time  Warp  Operating  System 
(TWOS)  computer  program  is  a  special- 
purpose  operating  system  designed  to 
support  parallel  discrete-event  simulation. 
TWOS  is  a  complete  implementation  of  the 
Time  Warp  mechanism,  a  distributed  pro- 
tocol for  virtual-time  synchronization  based 
on  process  rollback  and  message  annihila- 
tion. TWOS  supports  only  simulations  and 
other  computations  designed  for  virtual 
time;  it  does  not  support  general  time- 
sharing or  multiprocess  jobs  that  use  con- 
ventional message  synchronization  and 
communication.  The  program  utilizes  the 
resources  of  the  underlying  operating  sys- 
tem. 

TWOS  runs  a  single  simulation  at  a  time, 
executing  it  concurrently  on  as  many  proc- 
essors of  a  distributed  system  as  are  allo- 
cated. The  simulation  must  be  decom- 


posed into  objects  (logical  processes)  that 
interact  through  time-stamped  messages. 
TWOS  provides  transparent  synchroniza- 
tion. The  user  does  not  have  to  add  any 
special  logic  to  aid  in  synchronization,  or 
give  any  synchronization  advice,  or  even 
understand  much  about  how  the  Time 
Warp  mechanism  works. 

The  Time  Warp  Simulator  (TWSIM)  sub- 
directory contains  a  sequential  simulation 
engine  that  is  interface-compatible  with 
TWOS.  This  means  that  an  application  de- 
signer and  programmer  who  wishes  to  use 
TWOS  can  construct  prototype  code  on 
TWSIM  on  a  single  processor  and/or  work- 
station before  having  to  deal  with  the  com- 
plexity of  working  on  a  distributed  system. 
TWSIM  also  provides  statistics  about  the 
application  program,  which  statistics  may 
be  helpful  for  determining  the  correctness 
of  an  application  program  and  for  achiev- 
ing good  performance  on  TWOS. 

The  user's  manual  for  TWOS  assists  the 
simulation  programmer  in  the  design,  cod- 
ing, implementation,  and  debugging  of  dis- 
crete-event simulations  running  on  TWOS. 
The  manual  also  includes  a  practical  user's 
guide  to  the  TWOS  application  bench- 


mark, Colliding  Pucks. 

TWOS  and  TWSIM  were  written  in,  and 
support  simulations  in,  the  C  programming 
language.  They  were  implemented  on  Sun 
3  and  Sun  4  workstations  running  the 
SunOS  version  3.5  or  greater  operating 
system,  and  on  the  BBN  Butterfly  Plus. 
The  binary  images  of  TWOS  and  TWSIM 
each  require  approximately  400  kbytes.  A 
central  memory  of  at  least  4  Mbytes  per 
workstation  (or  Butterfly  processor)  is  need- 
ed for  reasonable  performance.  TWOS  2.0 
was  developed  in  1989. 

This  program  was  written  by  Brian  C. 
Beckman,  Lao  R.  Blume,  John  S  Geiselman, 
Matthew  T.  Presley,  John  J.  Wedel,  Jr., 
Steven  F  Bellenot,  Michael  Diloreto,  Philip 
J.  Hontalas,  Peter  L  Reiher,  and  Frederick 
P.  Weiland  of  NASA's  Jet  Propulsion 
Laboratory.  NPO-18037/TN 
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Video  Image 
Communication  and 
Retrieval  —  Updated 

The  newest  version  of 
this  program  is  designed 
for  the  user's  convenience. 

The  Video  Image  Communication  and 
Retrieval  (VICAR)  package  of  computer  pro- 
grams is  a  general-purpose  image-proc- 
essing software  system  that  has  been  un- 
der continuous  development  since  the  late 
1960's.  Originally  intended  for  processing 
data  from  the  Jet  Propulsion  Laboratory's 
unmanned  planetary  spacecraft,  VICAR  is 
now  used  in  a  variety  of  other  applications, 
including  the  processing  of  biomedical  im- 
ages, cartography,  studies  of  Earth  re- 
sources, and  geological  exploration.  The  de- 
velopment of  the  newest  version  of  VICAR 
emphasized  a  standardized,  easily-under- 
stood user  interface,  a  shield  between  the 
user  and  the  host  operating  system,  and 
a  comprehensive  array  of  image-process- 
ing capabilities. 

Structurally,  VICAR  can  be  divided  into 
roughly  two  parts:  a  (1)  suite  of  applica- 
tion programs  and  (2)  an  executive  pro- 
gram that  serves  as  the  interface  among 
the  application  programs,  the  operating 
system,  and  the  user.  There  are  several 
hundred  application  programs  ranging  in 
function  from  interactive  editing  of  images, 
compression  and  decompression  of  data, 
and  map  projection,  to  the  removal  of  blem- 
ishes, noise,  and  artifacts,  the  generation 
of  mosaics,  and  the  recognition  and  loca- 
tion of  patterns.  An  information-manage- 
ment system  designed  specifically  for 
handling  image-related  data  can  merge  im- 
age data  with  other  types  of  data  files. 

The  user  gains  access  to  these  pro- 
grams through  the  VICAR  executive  pro- 
gram, which  consists  of  a  supervisor  pro- 
gram and  a  run-time-library  program.  From 
the  perspective  of  the  user  and  the  ap- 
plication programs,  the  executive  program 
creates  a  software  environment  that  is  in- 
dependent of  the  operating  system.  VICAR 
does  not  replace  the  operating  system  of 
the  host  computer;  instead,  it  overlays  the 
host  resources.  The  core  of  the  executive 


program  is  the  VICAR  Supervisor,  which 
is  based  on  NASA  Goddard  Space  Flight 
Center's  Transportable  Applications  Ex- 
ecutive (TAE).  Various  modifications  and 
extensions  have  been  made  to  optimize 
TAE  for  image-processing  applications,  re- 
sulting in  a  user-friendly  software  environ- 
ment. The  rest  of  the  executive  program 
consists  of  the  VICAR  Run-Time  Library, 
which  provides  a  set  of  subroutines  for 
input  and  output  of  images,  labels,  param- 
eters, and  the  like  to  facilitate  the  process- 
ing of  images  and  provide  the  fastest  in- 
put/output possible  while  maintaining  a 
wide  variety  of  capabilities. 

The  run-time  library  program  also  in- 
cludes the  Virtual  Raster  Display  Interface 
(VRDI),  which  enables  the  writing  of  dis- 
play-oriented application  programs  for  a 
variety  of  display  devices  by  use  of  a  set 
of  common  routines.  (A  display  device  can 
be  any  frame-buffer-type  device  that  is  at- 
tached to  the  host  computer  and  has 
memory  planes  for  the  display  and  manip- 
ulation of  images.  A  display  device  may 
have  any  number  of  separate  8-bit  image 
memory  planes,  a  graphics-overlay  plane, 
pseudocolor  capabilities,  hardware  zoom 
and  pan,  and  other  features.)  The  VRDI 
supports  the  following  display  devices: 
VICOM  (Gould/Deanza)  IP8500,  RAMTEK 
RM-9465,  ADAGE  (Ikonas)  IK3000,  and  the 
International  Imaging  Systems  IVAS.  The 
purpose  of  VRDI  is  to  provide  a  uniform 
operating  software  environment  not  only 
for  an  application  programmer  but  for  the 
user  as  well.  The  programmer  is  able  to 
write  programs  without  being  concerned 
with  the  specifics  of  the  device  for  which 
the  application  is  intended. 

The  VICAR  Interactive  Display  Subsystem 
(VIDS)  is  a  collection  of  utility  programs 
for  easy  interactive  display  and  manipula- 
tion of  images  on  a  display  device.  VIDS 
has  characteristics  of  both  the  executive 
program  and  an  application  program  and 
offers  a  wide  menu  of  image-manipulation 
options.  VIDS  uses  the  VRDI  to  communi- 
cate with  display  devices.  The  first  step 
in  using  VIDS  to  analyze  and  enhance  an 
image  (one  simple  example  of  the  numer- 
ous capabilities  of  VICAR)  is  to  examine 
the  histogram  of  the  image.  The  histogram 


is  a  plot  of  frequency  of  occurrence  for 
each  pixel  value  from  (0  to  255)  loaded  in 
the  image  plane.  If,  for  example,  the  histo- 
gram shows  that  there  are  no  pixel  values 
below  64  or  above  192,  the  histogram  can 
be  "stretched"  so  that  the  value  of  64  is 
mapped  to  0  and  192  is  mapped  to  255. 
Now  the  user  can  use  the  full  dynamic 
range  of  the  display  device  to  display  the 
data  and  see  their  contents  better.  Anothei 
example  of  a  VIDS  procedure  is  the  JMOVIE 
command,  which  enables  the  user  to  run 
animations  interactively  on  the  display  de- 
vice JMOVIE  uses  the  concept  of  "frames", 
which  are  the  individual  frames  that  con- 
stitute the  animation  to  be  viewed.  The  user 
loads  images  into  the  frames  after  the  size 
and  number  of  frames  have  been  selected. 

The  source  languages  of  VICAR  are  pri- 
marily FORTRAN  and  C,  with  some  VAX 
Assembler  and  array-processor  code.  The 
VICAR  run-time  library  is  designed  to  work 
equally  easily  from  either  FORTRAN  or  C. 
The  program  was  implemented  on  a  DEC 
VAX-series  computer  operating  under  VMS 
4.7.  The  virtual-memory  required  is  1.5  MB. 
(Approximately  180,000  blocks  of  storage 
are  needed  for  the  save-set.)  VICAR  (ver- 
sion 2.3A/3G/13H)  is  copyrighted  and  avail- 
able by  license  for  a  period  of  10  years  to 
approved  licensees.  This  program  was 
developed  in  1989. 

This  program  was  written  by  Ray  J.  Wall, 
Paul  L  Jepsen,  Kurt  K.  Andersen,  Paul  D. 
Bartholomew,  Robert  G.  Deen,  Michael  A. 
Girard,  Thomas  C.  Greer,  David  R.  Hodges, 
Merit  Jentoft-Nilsen,  Scott  A.  Lewicki,  Jean 
J.  Lorre,  Chris  C.  Meisl,  Florance  F.  Moss, 
Megan  A  O'Shaughnessy,  Steven  Pohorsky, 
Sheila  M.  Tews,  Allan  J.  Runkle,  Cesar  A. 
Vasquez,  Neil  Vuong,  Gary  M.  Yagi,  and 
Payam  Zamani  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-18076/TN 
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0136  Chip  Gives  24  Times  Speed  Improvement 

0137  Fiber  Optic  Microcable 

0138  Radio  Frequency  Radiation  Measured 

0139  Addressable-Matrix  Integrated-Circuit  Test  Structure — Step  coverages  and 
widths  of  lines  would  be  determined  rapidly  from  measurements  of  resistances. 

0140  Digital  Phase-Locked  Loop  With  Phase  and  Frequency  Feedback — 
Sophistication  allowed  by  software  processing  provides  better  performance. 
(Licensing  Opportunity) 

0141  Ambiguity  of  Doppler  Centroid  in  Synthetic-Aperture  Radar — The  performances 
of  two  ambiguity-resolving  algorithms  are  investigated. 

0142  Driver  Circuit  for  High-Power  MOSFETs — This  circuit  generates  the  fast,  high- 
current  pulses  needed  for  efficient  switching. 

0143  Estimating  SAR  Doppler  Shifts  From  Homogeneous  Targets — Optimal  estimates 
make  better  use  of  returns  from  both  stationary  and  moving  targets. 

0144  Estimating  SAR  Doppler  Shifts  From  Quasi-Homogeneous  Targets — A  linear- 
estimator  subalgorithm  is  optimized  for  the  local  terrain. 

0145  Magnet/Hall-Effect  Random-Access  Memory — Characteristics  would  include 
nonvolatility  and  fast  readout.  (Licensing  Opportunity) 

0146  Improved  Radiometric  Correction  for  SAR  Images — A  correction  algorithm  is 
reversible  and  applicable  to  both  detected  and  complex  images. 

0147  Multiple  Integrated  In-Line  Diode  Lasers — When  one  of  the  devices  fails,  another 
could  be  switched  on. 

0148  Photorefractive  Crystal  Compresses  Dynamic  Range  of  Image — Predetection 
dynamic-range  compression  in  real  time  could  prevent  saturation  in  images. 
(Licensing  Opportunity) 

0149  Nonlinear  Dynamic  Compensation  for  Feedback  Control — Bandwidth  is  reduced 
at  low  error  signals.  (Licensing  Opportunity) 

0150  Single-Exposure  Long-Equivalent -Wavelength  Interferometry — Spatial  filtering 
extracts  infrared-equivalent  interferograms  from  nonlinearly  recorded  two-visible- 
wavelength  interferograms.  (Licensing  Opportunity) 

0151  Vapor-Screen-Density  Controller — The  density  of  a  vapor  screen  in  a  wid  tunnel 
is  maintained  for  vapor-screen  photography.  (Licensing  Opportunity) 

Software 

0152  System  Decommutes  and  Displays  Telemetry  Data — The  TDPIus  system 
transforms  a  computer  into  a  telemetry  processor. 

Testing  &  Instrumentation 

0153  Kalman  Filter  Tracks  Object 

0154  Dynacounter  Electronic  Data-Reduction  System — Output  data  would  be  suitable 
for  calculations  of  fatigue. 

Other  Herns  of  Interest 

0128      Magnetic  Analog  Random-Access  Memory — Attributes  would  include  fast 
access,  low  power,  nonvolatility,  and  high  storage  density.  (Licensing 
Opportunity) 

0186      Magnetic-Bearing  Test  Fixture — A  microcomputer-controlled  fixture  measures 
bearing  gaps,  magnetic  fluxes,  and  forces. 
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Chip  Gives  24  Times  Speed  Improvement 


The  Naval  Avionics  Center,  India- 
napolis, Indiana,  has  developed  a  list 
processing  coprocessor,  referred  to  as 
the  List  Chip.  The  chip  provides  a  fast, 
low  cost  method  for  16-bit  microproces- 
sors to  perform  list  processing  functions 
in  hardware.  Without  the  use  of  this 
chip,  generic  16-bit  microprocessors  have 
to  perform  list  processing  in  software.  In 
benchmark  tests,  the  List  Chip  displayed 
a  24  times  speed  improvement  over  the 
best  software  implementation  of  list 
processing  functions. 

The  List  Chip  is  easily  adapted  to  the 


requirements  of  the  user.  By  program- 
ming the  internal  registers,  the  List  Chip 
is  configured  to  a  particular  list  struc- 
ture. The  interface  to  the  host 
microprocessor  is  dual-port  memory, 
which  contains  the  data  to  be  processed, 
as  well  as  a  control  block  for  passing 
instructions  and  results  between  the  host 
and  the  chip. 

For  more  information  contact: 
Larry  Halbig 
Naval  Avionics  Center 
(317)353-3838 
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Fiber  Optic  Microcable 


The  Naval  Ocean  Systems  Center 
(NOSC)  has  successfully  developed 
deployable  fiber  optic  technology  for 
use  in  undersea  weapons  and  vehicles. 
In  the  current  application,  fiber  optics 
are  employed  as  high  bandwidth,  ex- 
pendable communications  links.  The  tiny 
(0.0315  inch  diameter)  "cable"  is  called 
Fiber  Optic  Microcable  (FOMC)  to  dis- 
tinguish it  from  larger-diameter  fiber 
optic  cables  used  in  conventional  com- 
munications applications  and 
high-strength  fiber  used  for  missile 
payout.  Communications  tethers  em- 
ploying FOMC  have  excellent  signal 
bandwidth,  optical  attenuation,  me- 
chanical strength,  and  packaging 
characteristics.  FOMC  has  excellent  di- 
mensional and  optical  properties  without 
the  inherent  length  limitations  of  previ- 
ous technologies. 

The  manufacturing  approach  is 
based  upon  laminating  an  annulus  of 
paraxial  fiberglass  yarn  and  ultraviolet 
light-curable  polymer  around  a  standard, 
dispersion-shifted  single  mode  telecom- 
munications optical  fiber  and  curing  it 
into  a  solid  composite  matrix  using  a 
dose  of  intense  UV  light. 

The  FOMC  is  small  enough  to  permit 
long  lengths  to  be  packaged  in  compact 
canisters.  Its  strength  permits  reliable 
high  speed,  underwater  payout.  The 
FOMC  is  inexpensive  enough  to  be  used 
for  expendable  telemetry  links.  It  can 
either  stand  alone  or  serve  as  an  excel- 
lent submember  for  incorporation  into  a 
composite  cable.  Non-military  applica- 
tions are  in  the  petroleum  industry,  local 
area  networks,  cable  television,  and  tele- 
communications. 

A  Navy  operated  pilot  plant  to  pro- 
duce FOMC  became  operational  at 
NOSC  in  January  1989.  As  of  September 
1991,  the  in-house  pilot  plant  had  fabri- 
cated over  1000  kilometers  of  long-length 
FOMC  to  support  various  technology 


demonstrations  and  Navy  programs. 
However,  production  rates  of  prototype 
FOMC  were  limited  to  22  meters  per 
minute  and  costs  were  unacceptable  for 
military  applications.  Consequently,  a 
Navy  MANTECH  program  was  under- 
taken to  develop  low  cost  manufacturing 
processes  and  materials. 

The  MANTECH  program  was  de- 
signed to  commercialize  the  FOMC 
technology.  NOSC  provided  detailed 
performance  and  processing  specifica- 
tions that  defined  the  FOMC  and  pilot 
plant  facility  in  enough  detail  to  permit 
its  replication.  A  procurement  package 
was  submitted  to  industry  for  competi- 
tive bid  in  order  to  establish  an 
affordable,  high  quality  production  ca- 
pability. A  contract  was  awarded  in 
March  1991  to  Alcatel  Corporation,  lo- 
cated in  Claremont,  North  Carolina. 

The  fiber  optic  microcables,  which 
are  being  produced  by  Alcatel,  are  tech- 
nically superior  and  far  more  economical 
to  fabricate  than  previous  generations. 
High  performance  underwater  fiber  op- 
tic specifications  for  the  MK-48  ADCAP 
torpedo  were  used  as  a  baseline.  The 
MANTECH  program  has  successfully 
developed  the  manufacturing  processes 
and  materials  required  to  fabricate  ul- 
traviolet curable  FOMC  at  production 
rates  of  60  meters  per  minute,  resulting 
in  a  factor  of  six  cost  reduction.  The 
design  and  manufacturing  processes 
have  been  developed  to  permit  technol- 
ogy transfer  to  other  fiber  optic 
manufacturers.  An  end  of  contract  dem- 
onstration was  conducted  on  24  Sep  91 
by  Alcatel  for  a  large  audience  of  industry 
members. 


For  more  information,  contact: 
Dr.  Steve  Cowan 
Naval  Ocean  Systems  Center 
(619)  553-1954 
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Figure  1.  Twin- well  calorimetry  boxes 


The  Naval  Aerospace  Medical 
Research  Laboratory  (NAMRL), 
Pensacola,  Florida,  has  developed 
a  method  for  measuring  the 
Specific  Absorption  Rate  (SAR)  of 
persons  subject  to  radio  frequency 
(RF)  radiation.  The  method  uses 
twin-well  calorimetry,  including 
first  and  second  gradient-layer 
type  calorimetry  boxes  with  ther- 
mally conductive  walls  and  cover, 
which  contain  a  multiplicity  of 
thermocouples  (Figure  1).  The 
outputs  are  differentially  ampli- 
fied to  provide  a  differential 
output.  Identical  body  models  that 
are  thermally  responsive  to 
RF  radiation  are  contained  in  the 
box  wells,  and  after  a  period  of 
thermal  equalization  outside  the 
influence  of  the  RF  source,  one 
body  model  is  removed  from  its 


well  and  placed  in  the  influence  of 
radiation  in  question,  while  the 
other  remains  outside  the  in- 
fluence. After  a  predetermined 
time  period,  the  irradiated  model 
is  returned  to  its  well  and  the 
differential  outputs  are  plotted 
over  a  time  period.  The  area  under 
the  resultant  curve  is  represen- 
tative of  total  absorption,  which 
can  readily  calculate  the  SAR. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160901/TN 
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Addressable-Matrix  Integrated-Circuit  Test  Structure 

Step  coverages  and  widths  of  lines  would  be  determined  rapidly  from  measurements  of  resistances. 


A  method  of  quality  control  based  on 
the  use  of  a  row-  and  column-addressable 
test  structure  speeds  the  collection  of  data 
on  the  widths  of  resistor  lines  and  cover- 
age of  the  steps  in  integrated  circuits.  By 
use  of  a  straightforward  mathematical 
model,  the  line  widths  and  step  coverages 
are  deduced  from  measurements  of  elec- 
trical resistances  in  each  of  the  various 
combinations  of  lines,  steps,  and  bridges 
that  are  addressable  in  the  test  structure. 

The  structure  and  model  are  intended 
especially  for  use  in  evaluating  processes 
and  equipment  used  in  the  manufacture 
of  application-specific  integrated  circuits. 
The  widths  and  step  coverages  can  be 
determined  more  rapidly  by  this  method 
than  by  optical  inspection.  In  contrast  with 
such  prior  integrated-circuit  test  structures 
as  cross-bridge  and  serpentine  resistors, 
this  structure  utilizes  circuit  area  more  ef- 
ficiently. It  provides  many  more  sampling 
points  within  a  small  sampling  area,  there- 
by yielding  data  on  variations  among  con- 
ductor lines  within  the  small  area. 

The  test  structure  (see  Figure  1)  in- 
cludes probe  pads  and  a  step/line-width 
resistor  matrix.  The  structure  contains  522 
bridge  substructures:  18  rows,  and  29  col- 
umns. The  structure  is  of  the  complemen- 
tary metal  oxide/semiconductor  (CMOS) 
type,  with  nominal  2-/xm  line  widths.  The 
size  of  each  cell  in  the  matrix  is  46x60 
/im:  the  structure  is  about  50  times  as 
dense  as  that  of  an  individually  probed 
bridge  resistor. 

The  first  six  rows  of  the  matrix  include 
bridge  resistors  over  a  pair  of  steps  for 
step-coverage  and  line-continuity  meas- 
urements for  metal-1,  polycrystalline-sili- 
con,  and  metal-2  layers  like  those  shown 
in  Figure  2.  The  second  and  third  groups 
of  rows  each  include  bridge  resistors  that 
are  used  to  measure  variations  in  the 
widths  of  metal-1,  polycrystalline-silicon, 
and  metal-2  lines  over  lower  and  higher 
steps,  respectively. 

From  measurements  on  a  prototype  of 
the  test  structure,  it  was  found  that  the 
widths  of  the  lines  were  normally  distrib- 
uted except  for  occasional  lines.  The  lines 
in  the  higher  layers  were  found  to  be  con- 
sistently narrower  than  the  lines  in  the 
lower  layers.  The  resistances  of  the  steps 
did  not  exceed  7.8  percent  of  the  resis- 
tances of  the  low  bridges  —  less  than  the 


1.3  mm 


Figure  1.  The  Test  Structure  provides  many  test  substructures  in  a  small  area.  Varia- 
tions among  the  substructures  are  deduced  from  measurements  of  resistances.  Sub- 
structures are  addressed  individually  via  the  rows  and  columns  of  the  matrix. 


HIGH                                                        LOW 

HIGH 

^"***-^.A  Polycrystalline 
/Silicon 

\                                                                / 

V                                         / 

Thick  Oxide 

\ 

>//////////>>    ,                     T °"du     .      / 

'/////////A 

\//\                                               /////        Deposited  Oxide 

I             V//////////////               I 

) ( 

\\\\\\V\V\\                                          , 

AWVVAWV 

\^V                                                                        AX       Deposited  Oxide 

7////////1^                          /^$ 

y/y  Metal  1  '//. 

'            \            \\\\\VMe,a,2\\SV 

/      Deposited  Oxide 

1             \                                                    /I 

> < 

Figure  2.  These  Step-Coverage  Cross  Sections  are  included  in  the  various  substruc- 
tures of  the  test  structure  illustrated  in  Figure  1. 


10-percent  level,  which  is  considered  to  be 
the  maximum  acceptable. 

This  work  was  done  by  Hoshyar  R. 


Sayah  and  Martin  G.  Buehler  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 

NP0-18162/TN 
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Digital  Phase  Locked  Loop 

With  Phase  and  Frequency  Feedback 

Sophistication  allowed  by  software  processing  provides  better  performance. 


An  advanced  design  for  a  digital  phase- 
lock  loop  (DPLL)  allows  loop  gains  higher 
than  those  used  in  other  designs.  Notable 
features  include  the  use  of  both  phase  and 
rate-of-change-of-phase  (i.e.,  frequency) 
feedback  instead  of  frequency  feedback 
alone,  a  normalized  sine  phase  extractor, 
an  improved  method  for  extracting  meas- 
ured phase,  and  an  improved  method  for 
"compressing"  the  output  rate.  The  new 
design  takes  advantage  of  the  flexibility 
provided  by  progress  in  digital  technology. 

The  DPLL  is  divided  into  two  major  com- 
ponents: a  counterrotation  processor  (CP) 
and  a  tracking  processor  (TP)  (see  figure). 
The  operations  of  the  CP,  which  are  car- 
ried out  at  the  input  sampling  rate  by  spe- 
cial-purpose high-speed  instrumentation, 
include  the  operations  of  a  numerically 


controlled  oscillator  (NCO),  a  complex  mul- 
tiplication to  counterrotate,  and  a  complex 
sum.  The  operations  of  the  TP,  which  are 
carried  out  much  less  frequently,  include 
the  extraction  of  phase,  loop  filtering,  com- 
putation of  model  phase,  computation  of 
NCO  feedback,  computation  of  starting 
and  stopping  times,  and  computation  of 
measured  phase  and  time  tag.  The  opera- 
tions of  the  TP  have  been  implemented  in 
software. 

Two  DPLL  designs  have  been  analyzed 
in  terms  of  pole  plots,  loop  noise  band- 
width, maximum  loop  gain,  and  dynamic  re- 
sponse. Both  designs  are  based  on  a  con- 
ventional loop  filter,  but  one  updates  only 
the  rate  of  the  NCO,  while  the  other  updates 
both  the  phase  and  the  rate.  For  each,  the 
computation  delay  is  set  either  to  a  negli- 


gibly small  value  or  to  one  update  inter- 
val. The  analysis  shows  that  the  phase/rate 
DPLL  can  operate  at  substantially  higher 
loop  gains  than  can  the  rate-only  DPLL. 
At  the  highest  gain  setting  before  loop  de- 
terioration, the  phase/rate  DPLL  can  track 
more  than  twice  the  dynamics  of  the  rate- 
only  DPLL,  for  a  given  update  interval. 

Unlike  a  conventional  loop  with  rate-only 
feedback,  the  new  loop  precalculates,  in 
the  tracking  processor,  the  phase  to  be  ap- 
plied by  the  NCO  across  an  interval  and 
then  drives  the  NCO  to  attain  this  phase. 
Thus,  model  phase  attained  by  the  NCO 
at  sum-interval  center  is  accurately  pre- 
determined by  the  tracking  processor,  in- 
cluding integer  and  fractional  cycles.  This 
approach  can  provide  accurate  phase 
measurements  even  when  NCO  phase  is 
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Major  Components  of  the  digital  phase-locked  Loop  are  shown  in  the  schematic. 
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discontinuously  updated,  as  in  the  design 
with  phase  and  phase-rate  feedback.  The 
total  measured  phase  is  computed  as  the 
sum  of  the  predetermined  model  phase 
and  residual  phase.  (A  conventional  DPLL 
"reads"  the  "NCO  phase"  and  neglects 
the  important  information  contained  in  the 
residual  phase.)  When  the  model  phase 
and  the  residual  phase  are  combined,  the 
tracking  error  is  essentially  eliminated, 
leaving  only  noise  to  corrupt  the  output. 
Atypical  conventional  DPLL  "compress- 
es" the  output  rate  by  extracting  the  phase 
produced  for  every  Mh  sum  interval  (e.g., 
by  "strobing"  the  NCO  phase)  while  ignor- 
ing the  other  values.  That  approach  does 
not  use  all  the  information  produced  by  the 
loop,  and  unnecessarily  sets  the  output 
bandwidth  equal  to  the  loop  bandwidth.  In 
the  compression  scheme  used  here,  it  is 
possible  to  set  the  output  rate  and  the 
bandwidth  of  the  compressed  phase  inde- 


pendently of  loop  parameters.  The  select- 
ed approach  "averages"  loop  output  phase 
by  fitting  a  polynomial  to  the  phase  values 
from  all  update  intervals  in  a  specified 
averaging  interval  (e.,g.,  1,000  values  over 
a  1 -second  interval). 

This  work  was  done  by  J.  Brooks 
Thomas  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

In  accordance  with  Public  Law  96-517, 
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Ambiguity  of  Doppler 
Centroid  in  Synthetic- 
Aperture  Radar 

The  performances  of  two 
ambiguity-resolving 
algorithms  are  investigated. 

A  paper  discusses  the  performances 
of  two  algorithms  for  the  resolution  of  the 
ambiguity  in  the  estimated  Doppler  cen- 
troid frequency  of  the  echoes  in  a  syn- 
thetic-aperture radar.  An  accurate  and 
unambiguous  estimate  of  the  Doppler  cen- 
troid frequency  is  needed  to  process  the 
echoes  into  radar  images  of  high  quality. 
Because  the  echo  spectrum  is  sampled 
at  the  radar-pulse-repetition  frequency,  the 
frequency  range  of  unambiguous  Doppler 
spectrum  is  limited  to  the  pulse-repetition 
frequency.  The  ambiguity  arises  if  the  un- 
certainty in  the  aim  of  the  radar  antenna 
results  in  a  Doppler  shift  greater  than  half 
the  pulse-repetition  frequency. 


After  presenting  a  brief  overview  of  the  problem,  the  paper 
discusses  the  effects  of  the  ambiguity  on  synthetic-aperture- 
radar  imagery.  These  effects  include  degradation  of  the  point- 
target  response,  degradation  of  the  signal-to-noise  and  signal- 
to-ambiguity-level  ratios  of  an  image,  geometric  distortion,  and 
misregistration  between  independent  looks  with  consequent 
error  in  the  multilook  overlay  process.  To  quantify  the  effects 
of  the  ambiguity  on  the  point-target  response,  the  paper 
presents  the  results  of  a  computer  simulation  based  on 
parameters  typical  of  the  C-band  Shuttle  Imaging  Radar. 

Next,  the  paper  describes  the  two  ambiguity-resolving  algo- 
rithms: one  based  on  the  range-cross-correlation  technique,  the 
other  based  on  the  multiple-pulse-repetition-frequency  technique. 
The  range-cross-correlation  technique  involves  the  cross-correla- 
tion of  two  independent  single-look  images  to  detect  the  crosstrack 
misregistration.  It  requires  high-contrast  radartargets  to  detect  the 
ambiguity  reliably.  The  multiple-pulse-repetition-frequency  tech- 
nique is  well  known  in  the  industry  as  a  technique  for  resolution  of 
ambiguities  in  moving-target-indicator  radar  systems.  The  perfor- 
mance of  this  technique  is  limited  by  the  available  pulse-repetition 
frequencies,  by  the  unknown  drift  rate  of  the  radar  antenna 
pointing,  and  by  that  component  of  the  error  in  the  estimated 
Doppler  centroid  which  is  not  attributable  to  the  ambiguity. 

The  multiple-pulse-repetition-frequency  algorithm  in  this  study 
is  applicable  to  a  system  in  which  there  are  three  pulse-repetition 
frequencies  that  are  not  related  by  a  large  common  factor.  A 
computer  simulation  was  conducted,  using  parameters  typical  of 
the  C-band  Shuttle  Imaging  Radar.  The  results  of  the  simulation 
show  that  this  algorithm  is  capable  of  resolving  the  ambiguity 
in  the  estimated  Doppler  centroid  frequency  for  antenna- 
aiming  uncertainities  of  about  2°  to  3°  and  an  unknown 
component  of  about  0.0267s  of  the  rate  of  drift  in  the  aim. 

This  work  was  done  by  Chi-Yung  Chang  and  John  C. 
Curlander  of  Caltech  for  NASA's  Jet  Propulsion  Laboratory. 
"Doppler  Centroid  Estimation  Ambiguity  for  Synthetic  Aperture 
Radars."  NPO-17943/TN 
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Driver  Circuit  for  High-Power  MOSFET's 

This  circuit  generates  the  fast,  high-current  pulses  needed  for  efficient  switching. 


A  driver  circuit  generates  the  rapid-volt- 
age-transition pulses  needed  to  switch 
high-power  metal  oxide/semiconductor 
field-effect  transistor  (MOSFET)  modules 
rapidly  between  full  "on"  and  full  "off." 
Rapid  switching  reduces  the  time  of  over- 
lap between  appreciable  current  through 
and  appreciable  voltage  across  such  mod- 
ules, thereby  increasing  power  efficiency. 

Because  each  power  MOSFET  module 
contains  multiple  MOSFET's  in  parallel, 
the  sum  of  the  gate  capacitances  of  the 
individual  MOSFET's  presents  a  high  over- 
all gate  capacitance  to  the  driver.  To  pro- 
duce the  required  fast  voltage  transitions, 
the  driver  must  act  as  a  low-impedance 
source.  More  specifically  it  must  supply 
the  high  pulse  currents  to  charge  the  ca- 
pacitance quickly,  it  must  include  a  source 


of  sufficient  energy  to  keep  the  voltage 
from  drooping,  and  its  series  resistance 
must  be  low  enough  that  it  does  not  en- 
gender excessive  voltage  drops.  In  addi- 
tion, isolation  of  the  gating  signal  from  the 
switched  power  signal  is  required. 

To  satisfy  these  requirements,  the  driver 
circuit  incorporates  an  FET  switch  driven 
by  a  pulse  transformer  (see  figure).  The 
primary  side  of  the  transformer  is  driven 
by  a  full-bridge  FET  switch  that  is  driven, 
in  turn,  by  a  conventional  one-shot  and 
driver  circuit  timed  by  duration-modulated 
gating  pulses.  The  inherent  advantage  of 
the  full-bridge  switch  is  that  any  voltage 
caused  by  the  flux-reset  energy  of  the  core 
is  shunted  back  to  the  source  of  switching 
energy  via  the  low-impedance  path  of  the 
p-channel  FET's  that  are  used  as  the 


switches  on  the  high  side  of  the  bridge: 
this  prevents  undesired  "flyback"  voltages. 

The  loss  of  energy  in  the  core  of  the 
transformer  is  minimized  by  applying  a 
pulse  that  lasts  just  long  enough  to  charge 
the  overall  gate  capacitance.  Thereafter,  the 
FET  switch  on  the  secondary  side  holds 
the  charge  on  the  gates.  The  frequency  of 
operation  is  limited  only  by  the  duration  of 
the  pulse  and  by  any  propagation  delays. 
(For  example,  in  the  prototype  of  this  cir- 
cuit, these  factors  limit  the  frequency  to 
about  500  kHz.) 

This  work  was  done  by  Kevin  A.  Letzer 
of  Rockwell  International  Corp.  for  Lewis 
Research  Center.  LEW-15089/TN 
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A  Full-Bridge  FET  Switch  drives  a  pulse  transformer,  which  drives  another  FET  switch.  This  circuit  operates  at  high  energy  efficiency, 
providing  the  rapid  pulses  needed  for  efficient  switching  of  a  power-MOSFET  module. 
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Estimating  SAR  Doppler  Shifts  From  Homogeneous  Targets 

Optimal  estimates  make  better  use  of  returns  from  both  stationary  and  moving  targets. 


An  algorithm  that  processes  some  of 
the  information  in  synthetic-aperture-radar 
(SAR)  echoes  from  homogeneous  targets 
yields  optimal  estimates  of  Doppler  fre- 
quency shifts.  In  so  doing,  the  algorithm 
helps  in  further  processing  to  extract  as 
much  information  as  possible  about  the 
targets.  The  algorithm  can  be  used  to  im- 
prove radiometric  calibrations,  to  estimate 
the  direction  of  the  radar  antenna,  and  to 
determine  the  speeds  of  moving  targets 
more  accurately.  The  algorithm  could  be 
helpful  in  measurements  of  the  speeds  of 
ocean  currents  and  of  wind  shears  at  air- 
ports. 

The  Doppler  frequency  shift  and  the 
rate  of  change  of  Doppler  frequency  shift 
("Doppler  rate,"  for  short)  constitute  a  com- 
plete set  of  parameters  that  characterize 
the  history  of  the  distance  (range)  between 
the  radar  apparatus  and  a  target.  Accurate 
values  of  these  parameters  are  necessary 
to  obtain  SAR  images  of  high  quality.  Typi- 
cally, the  estimated  Doppler  parameters 
are  based  on  the  Doppler  centroid,  which, 
for  the  purposes  of  this  method,  is  regard- 
ed as  the  Doppler  frequency  at  the  instan- 
taneous energy  centroid  of  the  radar  beam. 
An  error  in  the  estimated  Doppler  centroid 
degrades  both  the  signal-to-noise  ratio 
(SNR)  and  the  signal-to-azimuth-ambiguity 
ratio  (SAAR).  An  error  in  the  estimated 
Doppler  rate  broadens  the  main  lobe  and 
increases  the  side  lobe  of  the  SAR  im- 
pulse-response function. 

In  the  derivation  of  the  algorithm,  the 
target  area  (e.g.,  the  surface  of  the  ocean) 
is  considered  to  be  homogeneous  in  a 
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This  Iterative  Algorithm 

minimizes  the  error  in  the 
estimated  Doppler  cen- 
troid of  SAR  echoes  from 
a  homogeneous  target 
area. 


statistical  sense:  it  is  rough  and  mathema- 
tically modeled  as  being  covered  with 
many  scattering  sites,  the  positions  and 
radar  reflectivities  of  which  are  distributed 
statistically.  The  derivation  also  involves 
simplifying  assumptions  about  the  scatter- 
ing properties  of  the  target  (e.g.,  that  it  is 
isotropic)  and  about  the  characteristics  of 
typical  SAR  signals.  Analysis  of  the  result- 
ing mathematical  model  of  the  SAR  echoes 
leads  to  the  following  iterative  procedure 
for  optimal  estimation  of  the  Doppler  cen- 
troid (see  figure): 

1.  The  basic  inputs  are  the  raw  SAR  data 
and  the  initial  estimates  of  the  Doppler 
parameters  based  on  the  known  motion 
of  the  radar  apparatus. 

2.  Generate  a  complex  (amplitude  and 
phase)  SAR  image  by  first  compressing 
the  raw  SAR  data  in  range,  then  com- 
pressing them  in  azimuth  using  the  initial 
Doppler  estimates. 

3.  Fast-Fburier-transform  the  complex  SAR 
image  in  the  azimuth  direction  and  use 
the  transform  to  compute  the  power  spec- 


tral density  of  each  azimuth  line. 

4.  Convolve  the  power  spectrum  with  a  line- 
ar-estimator weighting  function.  The  fre- 
quency bin  that  minimizes  the  value  of 
the  convolution  becomes  the  new  Dop- 
pler estimate. 

5.  Repeat  the  procedure  to  refine  the  esti- 
mate until  the  difference  between  two 
consecutive  estimates  lies  within  a  preset 
tolerance. 

This  algorithm  is  optimal  in  the  sense 
that  it  attains  the  Cramer-Rao  bound,  which 
is  a  theoretical  lower  bound  on  the  vari- 
ance of  the  error.  The  algorithm  has  prov- 
en successful  in  tests  on  SAR  imagery 
from  SEASATand  from  the  Shuttle  Image 
Radar  B  (SIR-B).  The  algorithm  can  be 
generalized  for  use  in  sea  altimeters  and 
radar-echo  trackers. 

This  work  was  done  by  Michael  Y.  Jin 
and  C.Y  Chang  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NPO-17869/TN 
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Estimating  SAR  Doppler  Shifts 
From  Quasi-Homogeneous  Targets 

A  linear-estimator  subalgorithm  is  optimized  for  the  local  terrain. 


An  algorithm  processes  some  of  the  in- 
formation in  synthetic-aperture-radar  echoes 
from  quasi-homogeneous  targets,  yielding 
optimal  estimates  of  Doppler  frequency 
shifts.  The  algorithm  differs  from  the  one 
described  in  the  preceding  article,  "Esti- 
mating SAR  Doppler  Shifts  From  Homo- 
geneous Targets"  (NPO-17869),  though  it 
offers  similar  advantages  for  the  measure- 
ments of  wind  shears  and  the  speeds  of 
ocean  currents. 

The  derivation  of  this  algorithm  involves 
some  of  the  same  terminology  and  simpli- 
fying assumptions  described  in  the  pre- 
ceding article.  However,  in  this  case,  the 
target  area  is  considered  to  be.  quasi-ho- 
mogeneous in  the  sense  that  it  consists 
of  a  patchwork  of  subareas,  each  of  which 
is  a  homogeneous  target  that  differs  from 
its  neighbors.  This  assumption  is  more  real- 
istic than  is  the  assumption  of  homogeneity. 

The  steps  of  the  algorithm  can  be  sum- 
marized as  two  overall  steps:  the  first  is 
to  obtain  a  set  of  optimal  preliminary  esti- 
mates of  Doppler  centroids  from  the  sub- 
areas;  the  second  is  to  obtain  an  optimal 
final  estimate  of  the  Doppler  centroid  f^. 
On  the  basis  of  a  maximum-likelihood 
criterion,  the  optimal  final  estimate  is  a 
weighted  sum  of  the  preliminary  estimates 
in  which  each  weight  is  inversely  propor- 
tional to  the  variance  of  each  preliminary 
estimate. 

The  algorithm  can  be  developed  from 
a  frequency-domain  approach,  but  a  time- 
domain  approach  is  easier  to  implement. 
In  the  latter  approach,  one  begins  by  proc- 
essing the  SAR  echo  response  into  N  in- 
dependent single-look  images,  each  with 
MN  of  the  total  processing  bandwidth, 
where  N  is  an  even  number  and  the  spec- 
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This  Iterative  Algorithm  minimizes  the  error  in  the  estimated  Doppler  centroid  of  SAR  echoes 
from  a  quasi-homogeneous  target  area. 


tra  of  these  images  are  consecutive.  These 
single-look  images  are  weighted  in  the  fre- 
quency domain,  with  W^(f)l\^(f^,  where  / 
is  a  Doppler  frequency  shift,  WJf)  is  an 
impulse-response  spectral  function  related 
to  the  response  of  the  antenna  in  the  time 
domain,  and  VJ^f)  is  the  derivative  of  Wa(f) 
with  respect  to  /,  by  incorporating  this  weight 
function  in  the  reference  function.  Then 
A£  is  computed  according  to  the  equation 
shown  in  the  figure  and  is  used  to  com- 
pute the  correction  to  the  assumed  Dop- 
pler frequency.  This  procedure  is  repeated 
until  the  difference  of  two  successive  Dop- 
pler centroid  estimates  is  less  than  a  pre- 
determined error  bound. 

In  this  algorithm,  it  is  not  necessary  to 


determine  the  boundaries  of  the  subareas. 
Instead,  one  uses  the  intensity  histogram 
of  the  multilook  image.  The  procedure  in- 
cludes the  following:  The  multilook  sum- 
mation is  performed  to  generate  the  A/-look 
image  (to  reduce  speckle  uncertainty)  and 
its  histogram.  The  intensity  range  cover- 
ing more  than  99  percent  of  the  picture 
elements  total  image  pixels  is  divided  into 
K  intensity  intervals.  Preliminary  Doppler 
estimates  are  then  obtained  from  subsets 
of  picture  elements  that  lie  in  the  same 
intensity  interval. 

This  work  was  done  by  Michael  Y.  Jin 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17905/TN 
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Magnet/Hall-Effect  Random-Access  Memory 

Characteristics  would  include  nonvolatility  and  fast  readout. 


In  the  proposed  magnet/Hall-effect  ran- 
dom-access memory  (MHRAM),  bits  of 
data  would  be  stored  magnetically  in  Perm- 
alloy (or  equivalent)-film  memory  elements 
and  read  out  by  using  Hall-effect  sensors 


to  detect  the  magnetization.  The  value  of 
each  bit  (one  or  zero)  would  be  represent- 
ed by  the  polarity  of  the  magnetization. 
Like  present  magnetoresistive  random-ac- 
cess memories  (MRAM's),  the  proposed 


memory  could  retain  its  data  for  an  in- 
definite time  (or  until  the  data  are  rewrit- 
ten). Unlike  in  MRAM's,  which  have  read- 
out times  of  the  order  of  microseconds, 
the  speed  of  the  Hall-effect  sensors  in  the 
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The  Magnet/Hall-Effect  Random-Access  Memory  would  have  the 
nonvolatility  of  present  magnetoresistive  memories  but  could  be  read 
out  about  10  times  as  fast. 


MHRAM  would  result  in  readout  times  of  about  100  ns. 
Other  desirable  characteristics  of  tne  MHRAM  would  in- 
clude high  immunity  to  ionizing  radiation  and  storage  den- 
sities of  the  order  of  106  bits/cm2  or  more. 

In  each  memory  cell,  the  Hall-effect  sensor  would  be 
positioned  to  detect  the  component  of  the  fringing  megnetic 
field  perpendicular  to  the  plane  of  the  Permalloy  film.  In 
addition  to  the  film  and  sensor,  each  memory  cell  would 
include  a  transistor  that  would  serve  as  a  switch  for  the 
writing  current  that  would  magnetize  the  film.  Other  transis- 
tors at  the  ends  of  the  rows  and  columns  of  memory  cells 
would  control  the  selection  of  rows  and  columns  for  writing 
or  reading  and  the  polarity  of  the  writing  current  (see  figure). 

The  following  example  illustrates  the  readout  operation: 
Suppose  that  the  memory  cell  at  the  intersection  of  the  first 
column  and  the  second  row  is  selected  for  readout.  Transis- 
tors Q7and  Q9are  turned  on,  sending  a  current  through 
and  producing  a  Hall  voltage  in  every  Hall  sensor  in 
the  second  row.  Each  Hall  voltage  is  ampli- 
fied by  a  sensing  amplifier  at  the  bottom 
of  the  corresponding  column.  However,  of 
the  column-selecting  readout  transistors, 
only  Q.,  is  turned  on,  connecting  the  out- 
put from  sensor  21  to  the  final  output, 
Vout.  Transistor  Q8,  which  switches  the 
writing  current  for  this  cell,  is  also  turned 
on  when  the  second  row  is  selected,  but 
inasmuch  as  none  of  the  transistors  Q2, 
Q3,  Q10,  and  Qn  is  turned  on,  no  writing 
current  flows  through  Q8  during  this 
readout  condition. 

The  following  example  illustrates  the 
writing  operation:  Suppose  that  the  cell  at 
the  intersection  of  column  1  and  row  2  is 
selected  for  writing.  If  the  bit  to  be  written 
is  a  "one,"  then  Q3,  Q8,  and  Q„  are  turned 
on.  If  a  "zero"  is  to  be  written,  then  Q2, 
Q8,  and  Q10  are  turned  on  to  pass  a  cur- 
rent of  the  opposite  polarity,  thereby  mag- 
netizing the  film  in  the  opposite  direction. 
Because  the  switching  field  would  be  ap- 
plied to  only  the  selected  Permalloy  ele- 
ment, the  rest  of  the  Permalloy  elements 
would  not  be  subjected  to  any  fielo.  There- 
fore, unlike  in  prior  magnetic  memories, 
the  switching  current  could  be  set  higher 
than  the  maximum  required  switching 
threshold  of  the  magnetic  film  to  make  the 
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writing  process  immune  to  fluctuations  in 
the  threshold  value.  With  this  scheme, 
large  operating  margins  and,  hence,  high 
chip  yields  could  be  achieved. 

This  work  was  done  by  Jiin-Chuan  Wu, 
Henry  L  Stadler,  and  Romney  R.  Katti  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
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Improved  Radiometric  Correction  for  SAR  Images 

A  correction  algorithm  is  reversible  and  applicable  to  both  detected  and  complex  images. 


A  method  has  been  developed  for  the 
radiometric  calibration  and  correction  of 
synthetic-aperture-radar  (SAR)  images  that 
account  for  the  primary  sources  of  calibra- 
tion error.  Using  calibration  data  estimated 
from  the  system  itself,  the  "end-to-end" 
radiometric  performance  (with  respect  to 
amplitude  only,  not  phase)  of  a  radar  sys- 
tem can  be  estimated  and  applied  in  proc- 
essing raw  SAR  data  into  images  such  that 
the  local  brightness  represents  the  radar 
reflectivity  or  radar  cross  section  of  the 
corresponding  local  terrain.  The  method 
is  implemented  by  an  algorithm  that  is  re- 
versible, so  that  one  can,  in  principle,  re- 
cover the  raw  SAR  amplitude  data  from 
the  calibrated  imagery.  The  method  is  ap- 
plicable to  both  detected  (amplitude-only) 
and  complex  (amplitude  and  phase)  SAR 
image  data  and  provides  for  the  optional 
subtraction  of  the  estimated  noise  floor 
from  the  image. 

The  method  is  based  on  the  develop- 
ment of  appropriate  equations  for  the  power 
in  the  radar  signal  returned  by  both  point 
and  distributed  targets.  It  accounts  for  the 
effects  of  processing  on  the  apparent 
power.  One  particularly  noteworthy  con- 
sideration is  attention  to  the  proper  de- 
pendences of  the  processed  signal  and 
noise  powers  on  the  slant  range.  These 
terms  depend,  in  turn,  on  the  form  of  the 
applied  azimuth  reference  function  used 
in  the  azimuth-compression  stage  of  proc- 
essing of  image  data  and  are  needed  to 
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A  Synthetic-Aperture-Radar  System  can  be  viewed  as  a  multistage  radiometric  system  in 
which  each  stage  affects  the  calibration.  The  method  described  in  the  text  accounts  for  the 
major  effects  of  the  transmitter,  antenna,  receiver,  and  certain  aspects  of  the  SAR  signal 
processing  upon  the  calibration  and  provides  for  appropriate  reversible  corrections  that  can 
be  applied  in  processing. 


normalize  the  azimuth  reference  function. 
The  relative  calibration  is  performed  by 
selecting  a  reference  value  for  each  pa- 
rameter in  the  applicable  equation  and 
normalizing,  across  all  images,  each  pic- 
ture element  in  the  image  of  interest  by 
the  ratio  of  the  reference  value  to  the 
estimated  value  of  that  parameter  for  that 
picture  element.  The  absolute  calibration 
for  a  distributed  target  is  then  given  by  a 


scale  factor  and  a  bias  term.  All  correc- 
tions can  be  incorporated  into  the  normal 
signal-processing  chain  without  adding 
any  stages  that  would  require  an  additional 
pass  over  the  data. 

This  work  was  done  by  Anthony 
Freeman  and  John  C.  Curlander  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-179317TN 
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Multiple  Integrated  In-Line  Diode  Lasers 

When  one  of  the  devices  fails,  another  could  be  switched  on. 


A  proposed  integrated  in-line  array  of 
semiconductor  lasers  is  intended  to  pro- 
vide high  reliability  and/or  long  operating 
lifetime.  Should  one  of  the  laser  devices 
in  the  array  fail  or  otherwise  deteriorate 
beyond  specifications,  it  would  not  be  nec- 
essary to  move  or  replace  the  array  to  en- 
able it  to  continue  operating.  This  is  an  im- 
portant advantage  in  systems  in  which 
both  reliability  of  diode  lasers  and  align- 
ment of  those  lasers  with  other  optical 
components  are  critical. 

In  essence,  the  proposed  array  would 
be  a  single  diode  laser  divided  longitudinal- 
ly into  segments  (see  figure).  Electrically, 
each  segment  would  be  a  separate  laser. 
However,  all  segments  would  share  a 
common  optical  waveguide,  so  that  the 
position,  divergence,  and  frequency  of  the 
output  beam  of  light  would  be  the  same, 
no  matter  which  segment  was  operating 
at  a  given  moment. 

Although  the  figure  shows  only  three 
segments,  more  could  be  used.  If  the  num- 
ber of  segments  were  so  large  that  the 
losses  in  the  nonoperating  segments 
would  prevent  effective  lasing  in  the  oper- 
ating segment,  then  the  electrical  condi- 
tions for  operation  could  be  modified.  The 
full  lasing  current  would  be  applied  to  one 
segment  while  a  bias  current  less  than  the 
lasing-threshold  current  could  be  applied 
to  each  of  the  other  segments  to  reduce 
the  optical  losses  in  them. 

Whether  or  not  bias  current  was  used, 
once  the  lasing  segment  deteriorated  be- 
low specifications,  the  full  lasing  current 
could  be  switched  to  another  segment. 
This  process  could  be  repeated  until  all 
segments  were  used  up.  If  the  losses  in 


the  waveguide  could  be  reduced,  the  ar- 
ray could  be  made  longer.  This,  in  turn, 
would  enable  the  addition  of  segments  and 
the  consequent  further  prolongation  of  op- 
erating life.  Of  course,  more  than  one  — 
or  even  possibly  all  —  of  the  segments 
could  be  operated  at  or  above  the  thresh- 
old current  at  the  same  time  to  obtain 


greater  output  power,  albeit  at  the  expense 
of  operating  lifetime. 

This   work  was   done  by  John   C. 
Connolly  of  David  Sarnoff  Research 
Center  for  Langley  Research  Center. 
LAR-14378/TN 
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Multiple  Integrated  Collinear  Semiconductor  Lasers  would  share  a  common  optical 
waveguide  but  could  be  individually  electrically  excited.  A  separate-confinement,  single- 
quantum-well  configuration  with  three  segments  is  shown  here  for  example,  but  other 
configurations  might  also  be  chosen. 
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Photorefractive  Crystal  Compresses  Dynamic  Range  of  Image 

Predetection  dynamic-range  compression  in  real  time  could  prevent  saturation  in  images. 


An  experiment  has  shown  that  the  dy- 
namic range  of  the  spatial  variation  of  illu- 
mination within  an  image  can  be  com- 
pressed by  use  of  a  photorefractive  crystal. 
Provided  that  the  brightness  of  parts  of  a 
scene  vary  as  slowly  as  or  more  slowly 
than  a  photorefractive  crystal  responds, 
this  effect  could  be  exploited  to  provide 
real-time  dynamic-range  compression  to 
prevent  saturation  of  bright  areas  in  video 
or  photographic  images  of  the  scene,  there- 
by helping  to  preserve  the  spatial-variation 
information  in  such  images.  In  this  dynam- 
ic-range-compression technique,  the 
photorefractive  crystal  would  be  placed  in 
the  optical  path  at  some  stage  preceding 
the  video  camera,  photographic  camera, 
or  final  photodetector  stage. 

The  technique  relies  on  scattering  of 
light  from  inhomogeneities  in  the  photore- 
fractive crystal.  Interference  between  the 
scattered  and  incident  light  acts,  via  the 
photorefractive  effect,  to  create  random 
microscopic  diffraction  gratings  in  the  crys- 
tal. The  incident  light  is  scattered  further 
by  the  random  gratings,  reducing  the  in- 
tensity of  the  transmitted  (the  surviving 
portion  of  the  incident)  beam.  The  overall 
scattering  effect  is  nonlinear;  the  more  in- 
tense is  the  incident  beam,  the  faster  the 
scattering  builds  up,  and  the  greater  is  the 
proportion  of  light  scattered.  This  nonlin- 
earity  is  the  phenomenon  responsible  for 
the  dynamic-range  compression. 

In  the  experiment  (see  Figure  1),  polar- 
ized, collimated  light  from  an  argon-ion 
laser  was  passed  through  an  image  trans- 
parency, demagnified  onto  a  photorefrac- 
tive crystal  of  BaTi03,  then  imaged  onto 
a  photodetector  or  camera.  In  one  part  of 
the  experiment,  the  image-transparency 
area  was  made  totally  transparent,  the 
luminous-flux  density  incident  on  the  crys- 
tal was  varied,  and  the  luminous-flux  den- 
sity incident  on  the  image  plane  was 
measured  by  the  photodetector.  The  plot 
in  the  lower  part  of  Figure  1  shows  the 
input-vs.-output  curves  for  various  times 
up  to  45  s  after  the  onset  illumination. 
These  curves  clearly  indicate  that  the  dy- 
namic range  of  the  output  is  compressed 
with  respect  to  that  of  the  input. 
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Figure  1 .  Nonlinear 
Scattering  From 
Inhomogeneities 

in  the  photo  refrac- 
tive crystal  com- 
presses the  dy- 
namic range  of  the 
image  formed  on 
the  camera  or  pho- 
todetector. 


Figure  2.  More  De- 
tails Emerge  when 

dynamic-range 
compression  elimi- 
nates saturation  in 
bright  parts  of  the 
image. 


Without  Dynamic-Range  Compression 


The  upper  photograph  in  Figure  2  was 
taken  at  the  beginning  of  illumination,  be- 
fore the  onset  of  dynamic-range  compres- 
sion. The  lower  photograph  was  taken  a 
short  time  later.  More  details  emerge  in  this 
picture  because  the  dynamic  range  has 
been  compressed. 


With  Dynamic-Range  Compression 
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Nonlinear  Dynamic  Compensation  for  Feedback  Control 

Bandwidth  is  reduced  at  low  error  signals. 


A  nonlinear  dynamic  compensation 
scheme  enhances  the  stability  of  a  feed- 
back control  system  in  which  the  feedback 
signal  includes  quantization  noise.  For  ex- 
ample, it  can  improve  control  of  the  aim 
of  a  mirror  mounted  on  a  shaft  instrument- 
ed with  a  device  that  measures  the  shaft 
angle  in  finite  increments. 

The  nonlinear  dynamic  compensation 
scheme  represents  an  attempt  to  satisfy 
two  competing  requirements.  The  ability 
of  the  control  system  to  reject  disturb- 
ances that  originate  in  the  controlled  plant 
(eg.,  disturbance  torques  in  the  case  of 
the  shaft  that  supports  the  mirror)  and  the 
speed  of  the  response  of  the  control  sys- 
tem to  a  change  in  the  commanded  angle 
can  be  increased  by  increasing  the  feed- 
back bandwidth.  On  the  other  hand,  the 
contribution  of  quantization  noise  to  the 
output  error  (the  difference  between  the 
actual  and  commanded  angles)  can  be 
reduced  by  decreasing  the  feedback 
bandwidth.  Therefore,  in  the  nonlinear 
dynamic  compensation  scheme,  the  band- 
width is  reduced  at  small  output  error  to 
reduce  the  effect  of  quantization  noise  and 
increased  at  large  output  error  to  increase 
the  speed  of  response. 

The  nonlinear  dynamic  compensator  is 
essentially  a  filter  that  includes  a  limiter  and 
a  compensating  filter  and  that  is  placed 
in  tandem  with  another  filter  called  the 
"control"  filter  (see  figure).  Provided  that 
the  gain  of  the  compensating  filter  is  less 
than  1,  whenever  the  magnitude  of  the  er- 
ror signal  0e  greatly  exceeds  the  limit  of 
the  limiter,  the  output  0k  of  the  nonlinear 
dynamic  compensator  is  approximately 
0e.  Under  this  circumstance,  the  overall 
filtering  effect  on  the  error  signal  is  approx- 
imately that  of  the  control  filter  alone.  The 
control  filter  is  designed  so  that  the  overall 
control  system  (including  the  actuator  and 
mirror)  has  the  desired  rapid  response.  In 
the  original  intended  application,  the  band- 
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The  Nonlinear  Dynamic  Compensator  slows  the  response  of  the  control  system  at 
low  error  signals  to  diminish  the  effect  of  quantization  noise  but  provides  a  faster  re- 
sponse at  large  error  signals  to  speed  the  correction  of  large  errors. 


width  of  this  response  is  chosen  to  be 
7  Hz. 

The  limit  of  the  limiter  (7  microradians 
in  the  original  application)  is  chosen  to  be 
slightly  greater  than  twice  the  magnitude 
of  the  quantization  noise.  Whenever  the 
magnitude  of  the  error  signal  falls  below 
this  limit,  the  output  of  the  nonlinear  dy- 
namic compensator  becomes  that  of  the 
compensating  filter  alone.  Under  this  cir- 
cumstance, the  overall  filtering  effect  on 
the  error  signal  is  that  of  the  compensating 
and  control  filters  in  tandem.  The  compen- 
sating filter  is  slower  than  the  control  filter 
is  and  is  designed  so  that  the  overall  con- 
trol system  has  the  desired  slower  re- 
sponse (characterized  by  a  bandwidth  of 
2  Hz  in  the  original  application). 
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Single-Exposure  Long-Equivalent-Wavelength  Interferometry 

Spatial  filtering  extracts  infrared-equivalent  interferograms  from 
nonlinearly  recorded  two-visible-wavelength  interferograms. 


A  proposed  single-exposure  technique 
for  producing  long-equivalent-wavelength 
interterograms  (LEWI'S)  would  involve  the 
use  of  photographic  film  to  record  a  two- 
wavelength  interferogram  nonlinearly  in  a 
single  exposure.  Previously,  LEWI'S  were 
obtained  through  multiplicative  combina- 
tions of  pairs  of  interferograms,  each  inter- 
ferogram recorded  in  a  separate  exposure 
at  a  different  wavelength.  The  single-ex- 
posure technique  will  make  it  possible  to 
use  LEWI'S  to  measure  the  surface  con- 
tours of  such  objects  as  human  corneas, 
which  cannot  be  expected  to  remain  sta- 
tionary for  two  exposures.  Commercial  in- 
terferogram-processing  computer  programs 
can  then  be  used  to  convert  the  LEWI'S 
into  topographical  representations  of  the 
surfaces. 

Two-wavelength  techniques  are  often 
used  for  topographical  measurements  of 
strongly  aspherical  surfaces.  Using  wave- 
lengths X1  and  X2,  an  interferogram  with 
a  fringe  pattern  corresponding  to  a  longer 
wavelength  Xeffective  can  be  created  where 

^effective   =   X1X2^1  ~^2> 

For  example,  the  633-nm  red  and  613-nm 
orange  helium/neon  laser  lines  can  be  used 
to  synthesize  an  interferogram  equivalent 
to  that  obtained  by  using  an  infrared  wave- 
length of  19.4  fim.  The  use  of  these  visi- 
ble wavelengths  avoids  the  problem  of  in- 
visibility and  the  need  for  special  sources, 
detectors,  and  optical  materials  that  com- 
plicate testing  in  the  infrared.  Thus,  at  the 
price  of  reduced  topographical  sensitivity 
(in  the  example  above,  the  LEWI  fringes 
are  approximately  30  times  as  coarse  as 
the  fringes  at  either  visible  wavelength 
alone),  an  unambiguous  determination  of 
surface  topography  can  be  obtained  with- 
out the  resolution  problems  associated 
with  single  (typically  visible)  wavelengths. 

In  the  single-exposure  technique,  the 
nonlinearity  required  to  produce  the  dif- 
ference-spatial-frequency Fourier  compo- 
nent that  contains  the  LEWI  information 
would  be  obtained  by  adjusting  the  ex- 
posure so  that  it  falls  on  the  nonlinear  por- 
tion of  the  sensitivity  curve  of  the  film.  After 
the  two-wavelength  interferogram  was 
thus  recorded,  the  film  would  be 
developed  in  the  conventional  manner. 

The  figure  illustrates  the  optical  train 
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that  would  perform  the  low-pass  spatial 
filtering  necessary  to  extract  the  LEWI  in- 
formation. Light  from  a  laser  would  be  sent 
through  a  microscope  objective  and  pin- 
hole to  form  a  diverging  spherical  wave 
front  of  high  quality.  A  first  collimating  lens 
would  form  the  spherical  wavefront  into  a 
collimated  beam.  The  developed  film  con- 
taining the  nonlinear  sum  transmission  in- 
terferogram would  be  placed  in  the  object 
plane  of  the  next  lens,  which  would  form 
the  Fourier  transform  of  the  interferogram 
at  its  image  plane.  A  pinhole  at  this  image 
plane  would  be  sized  to  pass  only  the  low 
spatial  frequencies  associated  with  the 
LEWI  information.  An  inverse-transform 
lens  would  recollimate  the  spatially  filtered 
light  and  inverse-Fourier-transform  it  to  pro- 
duce the  LEWI  on  a  two-dimensional  ar- 
ray of  photodetectors.  The  array  would 
have  sufficient  resolution  to  accommodate 
the  highest  spatial  frequency  in  the  LEWI. 
The  output  of  the  array  would  be  digitized 
and  processed  into  a  topographical  rep- 
resentation of  the  object  used  to  make  the 


interferogram. 
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Vapor-Screen-Density  Controller 


The  density  of  a  vapor  screen  in  a  wind  tunnel  is  maintained  for  vapor-screen  photography. 


The  vapor-screen  method  for  the  visual- 
ization of  flow  is  used  in  NASA  Langley  Re- 
search Center's  Unitary  Plan  Wind  Tunnel 
(UPWT)  to  acquire  data  on  flow  fields  and 
the  locations  of  shocks.  Droplets  of  water 
condensed  in  the  tunnel  jet  are  illuminated 
by  external  lights,  producing  a  light  sheet 
called  a  "vapor  screen."  Variations  in  local 
static  temperatures  and  pressures  induced 
by  models  and  the  flows  about  them  cause 
the  vapor  screen  to  reflect  varying  amounts 
of  light.  Shocks  and  other  flow-field  phenom- 
ena become  visible  under  these  conditions 
and  are  photographed  for  later  analysis. 

Currently,  the  proper  density  of  the  vapor 
screen  in  the  UPWT  is  established  manual- 
ly, by  visual  inspection.  This  method  does 
not  provide  the  ability  to  establish  a  repeat- 
able  vapor  density  from  test  to  test.  Also, 
this  method  involves  a  low-frequency  step 
process,  in  which  the  maintenance  of  a 
vapor  screen  at  constant  density  would  be 
difficult  if  not  impossible. 

One  way  to  maintain  the  vapor  screen 
at  constant  density  is  to  control  its  reflec- 
tivity by  closed-loop  means.  A  control  sys- 
tem that  could  do  this  would  eliminate  large 
step-response  corrections  and  possess 
more  than  enough  frequency  response  to 
maintain  a  nearly  constant  density  in  the 
vapor  screen  in  undisturbed  flow  ahead  of 
the  model.  The  model-induced  variations 
in  reflectivity  would  then  be  the  only  truly 
independent  variable. 

The  vapor-screen  density  controller  (see 
figure)  was  developed  with  the  foregoing 
considerations  in  mind.  It  includes  a  diode 
source  of  infrared  light,  an  infrared  photo- 
transistor  receiver,  and  two  convex  lenses 
on  opposite  sides  of  the  test  section,  one 
to  spread  the  infrared  beam  initially  from 
the  essentially  point  source  out  into  a  paral- 
lel beam  across  the  test  section  and  the 
other  to  reconverge  the  parallel  beam  back 
into  a  point  for  detection  by  the  phototran- 
sistor.  An  amplifier  increases  the  output  of 
the  infrared  phototransistor,  and  an  active 
low-pass  filter  reduces  the  sensitivity  of  the 
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This  Closed-Loop  Device  maintains  the  vapor  screen  in  the  undisturbed  flow  ahead  of  a 
wind-tunnel  model  at  constant  density. 


controller  to  rapid  fluctuations  in  the  den- 
sity of  the  vapor  screen  in  the  test  section. 

A  buffer  amplifier  sends  a  signal  repre- 
sentative of  the  current  in  the  infrared  source 
to  establish  proper  drive  levels  to  analog 
panel  meters  that  indicate  values  of  per- 
cent transmittance,  percent  set  point,  and 
controller  error.  A  differential  amplifier  de- 
tects and  amplifies  the  error  in  the  percent 
transmittance  compared  to  the  percent 
transmittance  at  the  set  point.  This  signal 
is  used  to  direct  the  duration  of  the  water- 
injection  pulse.  A  comparator  circuit  is  used 
to  determine  when  the  controller  has  com- 
manded the  injection  of  more  water  than 
is  necessary  to  establish  a  requested  per- 
centage of  vapor-screen  density. 

An  astable  oscillator  is  used  as  a  low-fre- 
quency clock,  the  period  of  which  is  adjust- 
able from  10  to  25  s  to  time  the  correction 
response  of  the  controller.  A  pulse-width 
modulator  varies  the  duration  of  the  water- 
injection  so  that  large  errors  cause  water 
to  be  injected  for  5.0  s  and  small  errors 
cause  water  to  be  injected  for  0.5  s  to  cor- 
rect errors  in  the  density  of  the  vapor  screen 
with  respect  to  the  set-point  density.  A  solid- 
state  relay  drives  an  electromechanical 
water  valve  to  control  the  injection  of  water 


into  the  diffuser  of  the  test  section.  A  mod- 
ular 12-V  supply  capable  of  supplying  2  A 
of  current  activates  the  integrated  circuits 
of  the  controller. 

The  vapor-screen-density  controller  im- 
parts repeatability  to  the  density  of  the  va- 
por screen.  This  is  important  in  making  com- 
parative aerodynamic  analyses  between 
test  runs.  This  device  enables  the  user  to 
control  the  density  of  the  vapor  screen  via 
a  set-point  indicator.  The  user  will,  for  the 
first  time,  have  an  indication  of  the  percent- 
age transmittance  across  the  test  section. 

This  work  was  done  by  James  E.  Byrd 
of  Planning  Reseaerch  Corp.  for  Langley 
Research  Center. 
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System  Decommutes  and 
Displays  Telemetry  Data 

The  TDPIus  system 
transforms  a  computer 
into  a  telemetry  processor. 

The  TDPIus  computer  program  is  a  soft- 
ware system  for  the  decommutation  of 
pulse-code-modulation  (PCM)  telemetry  sig- 
nals. TDPIus  provides  synchronization,  con- 
version into  engineering  units,  and  display 
of  serial  bit  streams.  The  TDPIus  software 
system  transforms  an  IBM  PC-compatible 
computer  into  a  PCM-telemetry-decom- 
mutation  system.  PCM  is  the  most  com- 
mon form  of  modulation  used  to  transmit 
telemetry  from  spacecraft,  but  the  data  in 
the  PCM  stream  are  multiplexed  in  time. 
One  of  the  unique  features  of  the  TDPIus 
system  is  that  it  provides  a  way  to  look  at 
PCM  data  for  about  a  tenth  of  the  cost  of 
equivalent  decommutators.  The  software 
structure  is  built  by  use  of  popup  menus 
and  windows  that  come  from  an  existing 
commercial  library.  The  use  of  these  func- 
tions makes  TDPIus  very  easy  to  use. 

The  TDPIus  system  synchronizes  tele- 
metric  signals  data  and  enables  the  con- 
version of  them  back  into  such  meaningful 
forms  as  voltage,  current,  pressure,  and 
the  like.  These  data  can  then  be  displayed 
on  numerical  charts,  bar  charts,  or  graphi- 
cal X-Y  displays.  The  TDPIus  system  also 
controls  the  operation  of  digital-to-analog 
converters  to  ship  data  to  paper  strip  charts 
or  to  parallel  digital  ports  for  offloading  to 


other  computers. 

An  engineer  typically  uses  TDPIus  as 
a  stand-alone  program,  setting  up  and 
editing  TDPIus  tables  to  customize  the  pro- 
gram for  a  particular  application.  This  soft- 
ware can  be  used  to  process  actual  data 
only  when  the  telemetry-data-processing 
computer  has  been  modified  in  accord- 
ance with  specifications  contained  in  NASA 
Tech  Brief  "TDPIus  TM  Data  Processor" 
(GSC-13291).  The  modified  computer  con- 
sists of  an  IBM  PC-compatible  computer 
and  four  custom  boards,  built  and  de- 
signed by  NASA/Wallops  Flight  Facility. 
The  computer,  together  with  the  TDPIus 
program  is  then  a  full  PCM-telemetry-de- 
commutation-and-display  system.  How- 
ever, the  TDPIus  program  TDREXE  can  be 
run  on  any  PC-compatible  computer  for 
purposes  of  editing  and  demonstration. 

Notice:  This  COSMIC  software  is  only 
half  of  the  TDPIus  package.  The  hardware- 
design  documentation  must  be  obtained 
from  the  Technology  Utilization  Office  at 
Goddard  Space  Flight  Center. 

This  program  can  be  executed  on  any 
IBM  PC-compatible  computer  operating 
under  MS-DOS  or  IBM  PC-DOS,  version 
3.2  or  3.3.  The  program  requires  a  VGA, 
EGA,  CGA  or  Hercules  monochrome  video 


adapter  and  640  KB  of  random-access 
memory.  The  program  is  written  in  Turbo 
C  and  8088  Assembly  language.  Compila- 
tion of  the  source  code  requires  Borland 
Turbo  C  version  2.0  and  IBM  or  Microsoft 
MASM  version  3.0  or  greater,  plus  two 
commercial  library  software  packages: 
Blaise  Turbo  C  Tools  Version  6.0  (Blaise 
Computing,  Inc.,)  and  Science  and  En- 
gineering Tools  for  Turbo  C  2.0  version  6.0 
(Quinn-Curtis).  The  program  was  devel- 
oped in  1989. 

IBM  PC  and  PC-DOS  are  registered 
trademarks  of  International  Business 
Machines.  MS-DOS  is  a  registered  trade- 
mark of  Microsoft  Corporation.  Hercules 
is  a  registered  trademark  of  Hercules 
Computer  Technology. 

This  program  was  written  by  D.  E. 
Massey  and  B.  Corbin  of  Goddard  Space 
Flight  Center.  GSC-13324/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT 

COSMIC9 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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Kalman  Filter  Tracks  Object 


A  Kalman  filter,  which  uses 
sensor  measurements  to  determine 
the  position  and  velocity  of  a 
moving  or  stationary  object  was 
developed  by  the  Naval  Surface 
Warfare  Center  (NAVSWC), 
Dahlgren,  Virginia.  The  filter  is 
used  to  track  an  object.  The  filter 
can  utilize  angle-only  meas- 
urements (e.g.,  from  an  optical 
sensor)  or  angle-plus-range 
measurements  (e.g.,  from  a  radar). 
It  can  also  simultaneously  utilize 
measurements  from  more  than  one 
sensor  (e.g.,  stereoscopic  tracking). 

The  filter  could  be  applied  to  a 
broad  range  of  tasks.  The  method 
could  be  used  to  determine  the 
position  and  velocity  of  an  airplane 


using  radar  measurements,  guide 
a  kill  vehicle  to  a  target,  support 
robotic  vision,  support  multisensor 
tracking  of  an  object,  simulate  an 
outfielder  judging  a  fly  ball,  or 
support  a  variety  of  other  tasks 
where  precise  knowledge  of  the 
position  and  velocity  of  a  tracked 
object  is  required. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160403/TN 
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Space  Administration 
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Dynacounter  Electronic  Data-Reduction  System 

Output  data  would  be  suitable  for  calculations  of  fatigue. 


The  proposed  "dynacounter"  electronic 
data-reduction  system  would  acquire  sta- 
tistics on  the  occurrence  of  various  ampl- 
itude levels  in  a  signal.  More  specifically, 
it  would  tabulate  the  number  of  times  the 
amplitude  of  a  component  of  a  signal  with- 
in a  given  frequency  band  exceeded  any 
of  10  specified  levels.  If  the  signal  is,  for 
example,  the  output  of  an  accelerometer 
or  another  signal  related  to  the  dynamics 
of  the  instrumented  object,  then  the  out- 
put data  on  the  statistical  distribution  of 
amplitudes  would  be  useful  in  calculations 
of  fatigue  in  the  instrumented  object. 

The  raw  accelerometer  or  other  input 
signal  would  be  recorded  on  magnetic 
tape  during  the  test  and  subsequently  fed 
into  the  dynacounter  from  the  tape  record- 
er (see  figure).  Alternatively  or  in  addition, 
an  oscillator  would  supply  a  calibrating  in- 
put signal  at  a  specified  frequency.  Cali- 
bration would  be  performed  with  the  help 
of  a  digital  voltmeter  and  a  cathode-ray- 
tube  monitor,  which  could  also  display  the 
tape-recorded  input  signal. 

The  input  or  calibrating  signal  would  be 
band-pass-filtered  at  the  frequency  of  in- 
terest, then  amplified,  then  fed  to  the  level 
selector.  Each  level  in  the  level  selector 
would  be  chosen  by  setting  a  correspond- 
ing bucking  voltage.  Whenever  the  band- 
pass-filtered, amplified  signal  exceeded 
one  of  the  bucking  voltages,  the  level  se- 
lector would  put  out  a  pulse  that  would  add 
1  to  the  count  in  an  electronic  counter 
assigned  to  the  corresponding  level.  The 
outputs  of  the  10  counters  (1  for  each  level) 
would  be  stored  on  magnetic  tape. 
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The  Dynacounter  would  process  the  tape-recorded  signal  from  an  accelerometer  (or 
other  sensor)  into  data  on  the  statistical  distribution  of  amplitudes  in  the  signal  at 
a  given  frequency. 


Thousands  of  data  could  be  tabulated  in 
this  manner. 

An  arithmetic-and-logic  unit  and  a  cen- 
tral processing  unit  would  manipulate  the 
stored  data  into  the  required  statistical  for- 
mat. The  central  processing  unit  would 
send  the  data  to  a  printer. 


This  work  was  done  by  Roy  W.  Mu stain 
of   Rockwell   International   Corp.    for 
Johnson  Space  Center. 
MSC-21568/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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0155    Impregnating  Coal  With  Calcium  Carbonate— Gasification  and 

combustion  would  be  enhanced,  and  sulfur  would  be  bound  in  calcium 
sulfide.  (Licensing  Opportunity) 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Impregnating  Coal  With  Calcium  Carbonate 

Gasification  and  combustion  would  be  enhanced,  and  sulfur  would  be  bound  in  calcium  sulfide. 


A  relatively  inexpensive  process  has 
been  proposed  for  impregnating  coal  with 
calcium  carbonate  to  increase  the  rates 
of  gasification  and  combustion  of  the  coal 
and  to  reduce  the  emission  of  sulfur  by 
trapping  the  sulfur  in  calcium  sulfide.  The 
process,  which  would  involve  aqueous- 
phase  reactions  between  carbon  dioxide 
(C02)  (contained  within  the  pore  network 
of  the  coal)  and  calcium  acetate,  would 
be  more  economical  than  were  previous 
ones  in  which  C02  was  adsorbed  in  the 
coal  by  first  evacuating  the  coal,  then  ex- 
posing the  evacuated  coal  to  C02  at  or 
near  atmospheric  pressure.  In  the  new  proc- 
ess, the  coal  would  be  impregnated  with 
C02  by  exposing  it  to  C02  at  high  pressure. 

The  individual  reactions  and  the  overall 
reaction  for  the  impregnation  of  the  coal 
by  calcium  carbonate  are  represented  by 
the  following  equations: 

H20 + Ca(C2H302)2  +  C02  — 
(calcium  acetate) 

CaC03  +  2C2H302H 
(calcium      (acetic 
carbonate)     acid) 

2C2H302H+Ca(OH)2  — - 
(calcium 
hydroxide) 

Ca(C2H302)2  +  2H20 


Ca(OH)?+CO? 


CaC03  +  H20 


As  the  equations  show,  the  calcium  ace- 
tate consumed  in  the  first  reaction  would 
be  replenished  in  the  second  reaction. 
Consequently,  the  process  would  consume 
relatively  cheap  calcium  hydroxide  instead 
of  relatively  expensive  calcium  acetate. 

Four  versions  of  the  process  have  been 
proposed.  In  the  first  version  (see  figure), 
the  raw  coal  would  be  placed  in  a  chamber 
filled  with  C02  at  a  pressure  of  2,  5,  or  10 
atm  (about  0.2,  0.5,  or  1.0  MPa).  The  coal 
would  then  be  depressurized  and  quickly 
placed  in  contact  with  a  slurry  consisting 
of  Ca(OH)2  suspended  in  an  aqueous  solu- 
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Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  18O801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


Coal  Would  Be  Impregnated  With  Calcium  Carbonate  by  pres- 
surizing it  with  carbon  dioxide,  then  treating  it  in  a  slurry  of  calcium 
hydroxide  in  an  aqueous  solution  of  calcium  acetate. 


tion  of  calcium  acetate.  In  the  second  ver- 
sion of  the  process,  the  coal  would  be 
pretreated  by  heating  it  to  50  °C  for  24  h 
to  remove  moisture,  which  would  otherwise 
interfere  with  the  adsorption  of  C02.  The 
coal  would  then  be  treated  as  in  the  first 
version.  In  the  third  version,  either  the  raw 
coal  or  the  coal  heated  as  in  the  second 
version  would  be  pulse-pressurized  with 
C02  in  a  rapid  sequence  of  pressurization 
and  depressurization  to  replace  water  and 
preadsorbed  gases  with  C02  prior  to  im- 
pregnation with  calcium  carbonate.  In  the 
fourth  version,  the  raw  or  preheated  coal 
would  be  pretreated  for  a  short  time  with 
saturated  calcium  hydroxide  solution.  The 
pretreated  coal  would  then  be  pressurized 
with  C02  and  treated  with  the  calcium 


acetate  solution  and  Ca(OH)2  as  in  the 
other  versions. 

This  work  was  done  by  Pramod  K. 
Sharma,  Gerald  E.  Voecks,  and  George 
R.  Gavalas  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NP0-17221/TN. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Engineering 


0156  Seedling  Box  Lifter 

0157  SUSV-Towed  Snow  Plow 

0158  Turbomachine  Blade  Noise  Flow  Analysis 

0159  Weight  Minimization  of  the  Multi-Static  Sonar  Frame 

0160  Lightweight  Mobile  Work  Shelter  for  Cold  Weather  and  Remote  Sites 

0161  Portable  Hydraulic  Power  Source 

0162  Acoustic  Levitator  With  Furnace  and  Laser  Heating — The  levitated  sample  can  be  heated  to 
more  than  1 ,500oC. 

0163  Apparatus  Circulates  Sterilizing  Gas — Only  the  parts  to  be  sterilized  are  exposed  to  ethylene 
oxide. 

0164  Bidirectional  Drive-and-Brake  Mechanism — Motion  of  a  single  lever  provides  both  driving  and 
braking.  (Licensing  Opportunity) 

0165  Computation  of  Flow  in  a  Turbine  Stage  on  a  Refined  Grid — The  finer  grid  yields  more  accurate 
results. 

01 66  Diamond-Coated  Wire-Feeding  Nozzle — Hard  vacuum-deposited  film  would  greatly  improve 
nozzle  properties.  (Licensing  Opportunity) 

0167  Experiments  to  Verify  Computed  Flows — Computations  and  experiments  should  be  planned  in 
coordination. 

0168  Flexure  Bearing  Reduces  Startup  Friction — Flexures  absorb  small  torque  'bumps'. 

0169  Fully-Stressed-Design  Algorithm  for  Plate/Shell  Structures — A  modification  of  the  basic  stress- 
ration  algorithm  enhances  convergence. 

0170  Lighted,  Folding  Inspection  Mirror — This  compact,  inexpensive  tool  can  be  used  in  place  of 
expensive  borescopes. 

0171  Matching  Terrain-Height  Maps  for  a  Robotic  Vehicle — Data  equivalent  to  topographical  maps 
digitized  at  different  intervals  are  merged. 

0172  Pneumatic  Spoiler  Controls  Airfoil  Lift — Forward  air  ejection  reduces  lift  locally  to  aid  in 
balancing  or  maneuvering. 

01 73  Portable  Water-Saving  Shower  for  Emergencies — A  stowable  compact  unit  would  spray  from 
many  directions.  (Licensing  Opportunity) 

01 74  Pressure-Actuated  Flow-Control  Valve— Orifice  area  varies  according  to  supply  pressure. 
(Licensing  Opportunity) 

0175  Redundant  Toggle/Hook  Release  Mechanism — Advantages  include  shock-free  separation  and 
reliability.  (Licensing  Opportunity) 

0176  Servo  Reduces  Friction  in  Flexure  Bearing — Resistive  torques  would  be  reduced. 

01 77  Software  for  Supervisory  and  Shared  Control  of  a  Robot — The  operator  can  choose  various 
combinations  of  manual  and  automatic  control.  (Licensing  Opportunity) 

0178  Three-Dimensional  Structure  of  a  Mixing  Layer— Quantitative  data  show  the  evolution  of 
streamwise  (in  addition  to  spanwise)  vortexes. 

0179  Two-Phase  Hero  Turbine  With  Curved  Nozzles — Curvatures  would  be  designed  to  minimize 
separation  of  liquid  from  gas.  (Licensing  Opportunity) 

Software 

0180  Software  Models  Impact  Stresses — This  program  computes  the  propagation  of  elastic  waves  in 
a  body  after  impact. 

0181  Valve-  and  Switch-Monitoring  Computer  Program — Human  operators  are  freed  from  tedious, 
repetitive  monitoring  tasks. 

Testing  &  Instrumentation 

0182  Contact  Probe  With  Pivoting  Tip — The  tip  remains  perpendicular  as  a  curved  surface  is 
scanned. 

0183  Digital  Image  Velocimetry — Images  of  seeded  flows  would  be  processed  to  obtain  velocity 
maps. 

0184  Improved  Ultrasonic  Transducer  for  Measuring  Cryogenic  Flow — Slanted  surfaces  reduce 
ringing. 

0185  Layered  Plating  Specimens  for  Mechanical  Tests — Grips  are  augmented  with  material  that  can 
be  plated  more  easily. 

0186  Magnetic-Bearing  Test  Fixture — A  microcomputer-controlled  fixture  measures  bearing  gaps, 
magnetic  fluxes,  and  forces. 

Other  Items  of  Interest 
0124      Portable  Power  Platform 

0200      Predicted  Heat-Sink  Effects  (Licensing  Opportunity) 

021 5      Sensing  Temperatures  Via  Prostheses  and  Manipulators — Heat  and  cold  are  applied  to  the 
operator's  back. 

0221  Reversible  Chemisorption  Gas-Gap  Thermal  Switch — Gas/sorbent  combinations  provide  means 
to  turn  heat-conduction  paths  on  off. 

0222  Separation  of  Liquid  and  Gas  in  Zero  Gravity — Tanks  would  double  as  cyclone  separators. 
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United  States  Department  of  Agriculture 
Forest  Service 

Technology  & 
Development  Program 
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9124-2340-MTDC 


A  machine  has  been  developed  to 
lift  and  deliver  boxes  from  the 
ground  to  a  transport  trailer.  The 
Seedling  Box  Lifter  is  mounted  to 
the  side  of  a  farm  tractor  and  is 
designed  to  minimize  manual  box 
handling  by  personnel  and  to 
move  boxes  from  the  field  to  the 
packing  shed  quickly.  Loading 
seedling  boxes  manually  onto 
transport  trailers  is  labor  intensive 
and  has  the  potential  of  causing 
back  injuries  to  field  workers. 

A  1984  survey  of  Forest  Service 
nursery  managers  indicated  that 
an  improved  method  of  lifting 
seedling  boxes  from  the  ground  to 
the  transport  trailers  was  a  high 
priority.  They  needed  a  machine 
capable  of  loading  different  sized 
boxes  and  elevating  them  to 
approximately  4  feet  above  the 
trailer  floor.  From  there,  personnel 
can  handle  and  stack  the  boxes. 


Seedling  Box  Lifter 

Dick  Karsky,  Project  Leader 

A  prototype  was  designed  and 
built  by  MTDC  engineers.  Initial 
tests  were  conducted  at  the 
Coeurd'Alene,  Lucky  Peak,  and 
J.  Herbert  Stone  nurseries. 


The  Seedling  Box  Lifter  is 
mounted  along  either  side  of  a 
farm  tractor  and  attached  to  the 
tractor's  3-point  hitch.  The  tractor 
also  tows  the  transport  trailer. 


TO 


A  frame  mounted  onto  the  side  of 
the  tractor  with  a  lift  cylinder 
attached  raises  and  lowers  the 
front  of  the  lifting  machine.  The 
box  lifter  consists  of  a  pickup  unit 
to  grab  the  box  and  place  it  on  an 
elevator  chain.  This  elevator 
chain  lifts  the  boxes  to  a  height  3 
to  4  feet  above  the  trailer  floor  and 
delivers  them  to  an  inclined 
gravity  conveyor,  which  then 
moves  the  boxes  to  the  front 
center  of  the  trailer  and  provides 
temporary  storage  of  up  to  three 
seedling  boxes.  Stackers  or  box 
handlers  then  move  the  previously 
lifted  boxes  to  the  appropriate 


For  additional  Information  contact:  Dick  Karsky.  Project  Leader.  Missoula  Technology  &  Development  Center.  Bldg.  I.  Fort 
Missoula.  Missoula.  MT  59801   Phone:406-329-3921;  RS:  585-3921:  FAX:  406-329-3719:  DG-D.Karsky.R01A 
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position  on  the  trailer.  A  hydraulic 
motor  driven  by  the  tractor's 
hydraulic  system  provides  power  for 
the  lifting  mechanism.  The  speed 
of  the  lifting  mechanism  can  be 
changed  by  adjusting  a  hydraulic 
flow  control  valve.  The  side- 
mounted  mechanism  allows  boxes 
to  be  picked  up  in  only  one  direction 
of  travel.  The  machine  can  be 
installed  on  either  side  of  the 
tractor,  but  it  is  not  easyly  switched 
from  side  to  side. 

The  corrugated  belt/chain 
assemblies  can  be  adjusted  to  pick 
up  boxes  from  14  to  19  inches 
wide.  It  can  typically  deliver  10  to 
1 2  boxes  per  minute  to  the  trailer. 
Boxes  containing  the  lifted 
seedlings  should  be  aligned  in  a 
row  to  allow  minimal  maneuvering 
of  the  tractor.  However,  the 
tapered  entry  of  the  pickup 
mechanism  reduces  the  need  for 
precise  alignment. 


( 


The  Seedling  Box  Lifter  does  an 
excellent  job  of  picking  up  both 
plastic  and  corrugated  seedling 
boxes  and  elevating  them  to 
personnel  on  a  trailer.  However, 
additional  work  is  needed  to 
develop  a  complete  seedling 
handling  system  that  integrates  a 
trailer/transport  system  designed  to 
complement  the  box  lifter's 
capabilities. 

Drawings  are  available  for  the 
side-mounted  box  pickup  from  MTDC. 
Refer  to  MTDC  drawing 
No.  MTDC-850. 

For  information  on  the  Seedling  Box 
Lifter,  contact: 

Dick  Karsky,  Project  Leader 
Missoula  Technology  & 
Development  Center 
Bldg.  1,  Fort  Missoula 
Missoula,  MT  59801 
(406)  329-3921 
FTS  585-3921 
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The  Forest  Service,  U.S.  Department  of  Agriculture  has  developed  this 
information  lor  the  guidance  of  its  employees,  its  contractors,  and  its 
cooperating  Federal  and  State  agencies,  and  is  not  responsible  tor 
the  interpretation  or  use  of  this  information  by  anyone  except  its  own 
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employees.  The  use  of  trade,  firm,  or  corporation  names  in  this  publication 
is  for  the  information  and  convenience  of  the  reader  and  does  not 
constitute  an  endorsement  by  the  U.S.  Department  of  Agriculture  of 
any  product  or  service  to  the  exclusion  of  others  that  may  be  suitable. 
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SUSV-TOWED  SNOW  PLOW 

PROBLEM/HISTORY 

The  U.S.  Army's  light  forces  have  limited  snow  removal  capabilities.  Therefore,  many  military  sup- 
port vehicles  have  limited  usefulness  in  operations  during  which  a  snow  cover  is  present.  Since  many 
roads  and  trails  will  not  have  been  kept  open  prior  to  hostilities,  truck-mounted  snow  plows  (if  available) 
would  be  ineffective.  In  most  instances,  heavy  tracked  vehicles  are  required  to  move  deep  snow. 

Light  forces  have  been  equipped  with  a  large  number  of  tracked,  over-snow  vehicles  known  as 
SUSVs  (Small  Unit  Support  Vehicles).  Over-snow  vehicles  can  be  equipped  with  front-  or  rear-mounted 
plow  blades,  but  to  do  so,  the  SUSV  would  require  extensive  design  changes. 

SOLUTION 

CRREL  engineers  determined  that  a  snow  plow  towed  by  the  SUSV  could  enhance  winter  operations 
with  minimal  changes  to  the  SUSV  itself.  From  a  series  of  1/12-scale  tests  it  was  determined  that  a 
special  linkage  could  be  attached  to  the  SUSVs  pintle  hook  mounting  bracket  and  thereby  could  control 
the  attack  angle  of  the  plow.  A  1/2-scale  plow  and  4-bar  parallel  linkage  towing  assembly  were  designed. 
This  1/2-scale  plow,  towed  by  a  SUSV,  has  been  tested  in  snow  depths  up  to  30  inches  with  good  results. 
It  is  estimated  that  the  SUSV  will  have  enough  tractive  reserve  to  pull  the  full-scale  plow. 


STATUS 

A  video  tape  describing  the  design  and  performance  of  the  1/2-scale  plow  is  available  from  CRREL. 
The  full-scale  plow  is  being  designed,  and  testing  is  scheduled  for  February  1992  in  Alaska. 

An  Operational  Needs  Statement  for  the  towed  snow  plow  is  being  prepared  by  the  6th  Infantry  Divi- 
sion (Light)  for  the  U.S.  Army  Engineer  School. 

CONTACT 

Mr.  Paul  Richmond 

U.S.  Army  Cold  Regions  Research  and  Engineering  Laboratory 

72  Lyme  Road,  Hanover,  New  Hampshire  03755-1290 

603-646-4461 

FTS  561-4461 

August  1991 


■  •'i 


CRREL,  72  Lyme  Road,  Hanover,  NH  03755-1290 


US  Army  Corps 
of  Engineers 

Cold  Regions  Research  & 
Engineering  Laboratory 
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Turbomachine  Blade  Noise  Flow  Analysis 


The  David  Taylor  Research 
Center  (DTRC),  Carderock, 
Maryland,  has  made  an  unsteady 
three-dimensional  potential  flow 
analysis  of  the  velocity  and 
pressure  fields  associated  with 
moving  blade  rows.  The  technique 
requires  that  each  blade  be 
described  by  an  attached  vortex 
loop  composed  of  the  bound 
starting  and  shed  vortex  lines.  As 
the  blades  rotate,  the  time 
variation  of  the  combined  velocity 
potentials  from  these  vortex 
systems  yields  the  fluid  enthalpy 
change  due  to  shaft  power  and  an 
increase  in  the  vortex  loop  area. 
The  vortex  area  change  is  a  direct 
effect  of  the  blade  force  on  the  fluid 
and  is  shown  to  be  equivalent  to 
the  continuous  insertion  of  volume 
dipoles  into  the  flow.  These  dipoles 
may  then  be  readily  interpreted  as 
sources  of  acoustic  energy.  For 
turbomachines  in  internal  fluid 
systems,  this  unified  analysis 


provides  an  accurate  prediction  of 
the  mechanical  energy  transfer. 
However,  it  predicts  a  tonal 
acoustic  radiation  that  is  much 
lower  than  observed  experi- 
mentally. For  internal  flows, 
acoustic  reflections  rotor-stator  in- 
teractions and  inlet,  as  well  as  self- 
generated,  turbulence,  must  be 
included  in  the  analysis.  Real- 
time flow  visualization  experi- 
ments are  recommended  to 
identify  the  additional  unsteady 
vortex  systems  that  serve  as 
sources  for  the  excess  sound. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160805/TN 


( 


( 
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Weight  Minimization  of  the  Multi-Static  Sonar  Frame 


Combining  the  MANTECH  disci- 
plines of  weight  optimization  and  rapid 
prototyping,  the  Naval  Underwater 
Systems  Center  (NUSC)  illustrated  the 
gains  which  can  be  achieved  through 
optimal  design.  MSC/NASTRAN,  a  fi- 
nite element  based  structural  analysis 
code  which  includes  an  optimization 
subroutine  (i.e.  weight  minimization), 
was  applied  to  the  design  process  of  a 
large  structure  for  the  purpose  of  dem- 
onstrating a  potential  savings.  The 
Stereolithography  Apparatus  (SLA),  a 
three  dimensional  rapid  prototyping 
system,  was  then  used  to  create  models 
of  the  initial  design  and  the  optimized 
design  to  enable  visualization  of  the 
relative  structures. 

Optimization  techniques  were  ap- 
plied to  the  Multi-Static  Sonar  transducer 
support  structure  which  had  been  re- 
cently fabricated  for  use  at  the  NUSC 
range  facility.  With  a  fabricated  weight 
of  13,085  lbs,  this  design  was  an  ideal 
example  to  show  how  optimization  can 
provide  benefits  without  compromising 


on  structural  requirements.  Forty  (40) 
lb/ ft  I-beams  and  thirteen  (13)  lb/ ft 
channel  beams  were  selected  for  mini- 
mization because  they  comprised 
approximately  90%  of  the  frame  weight. 
The  model  consisted  of  150  quadrilat- 
eral plate  elements,  282  triangular  plate 
elements  and  2948  beam  elements  de- 
fined by  3203  nodes.  MSC/NASTRAN 
was  then  run  on  the  NUSC  CRAY  X-MP 
to  provide  I-beam  and  channel  beam 
sizes  that  would  produce  a  lighter  frame 
with  no  stresses  greater  than  yield,  have 
acceptable  deflections,  and  use  only 
commercially  available  beams  sizes. 
Three  loading  cases  were  applied:  a 
single  point  horizontal  lift,  a  single  point 
vertical  lift,  and  a  2g  snap  load.  With  run 
times  of  approximately  2  hours,  the  re- 
sultant analysis  yielded  over  a  50% 
reduction  of  the  material  weight  and  a 
commensurate  labor  savings  of  over  20  % . 
This  would  correspond  to  an  estimated 
savings  of  $13K  on  this  structure. 

A  scale  of  the  original  frame  design 
was    then    programmed    into    the 
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ProENGINEERCAD  system,  sliced,  and 
down  loaded  to  the  SLA  for  modeling. 
The  original  design  on  ProENGINEER 
was  then  modified  with  the  optimized 
beam  members,  sliced,  down  loaded, 
and  modeled.  Modeling  time  for  the 
original  structure  was  43  hours  25  min- 
utes and  for  the  optimized  version,  33 
hours  2  minutes.  The  models,  shown  in 
the  figure,  dramatically  illustrate  the 
change  in  the  structural  member  sizes. 
Applying  an  optimization  technique 
during  the  design  process  and  prior  to 
fabrication  can  result  in  a  substantial 


reduction  of  the  cost  of  material,  weld- 
ing, labor,  and  shipping.  Minimizing 
the  weight  also  provides  the  added  ad- 
vantage of  reducing  the  requirements  in 
structural  or  weight  handling  proper- 
ties of  peripheral  support  equipment. 
Illustration  by  presentation  of  a  three 
dimensional  model  is  an  effective 
method  to  visualize  otherwise  intangible 
benefits. 

For  further  information,  contact: 
Ms.  Celeste  DiAmantini 
Naval  Underwater  Systems  Center 
Telephone:  (203)  440-5782 


< 
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NAVAL  CIVIL  ENGINEERING  LABORATORY 
PORT  HUENEME,  CALIFORNIA  93043 


LIGHTWEIGHT  MOBILE  WORK 

SHELTER  FOR  COLD  WEATHER 

AND  REMOTE  SITES 


The  NCEL  Mobile  Work  Shelter  (MWS)  is  a 
rapidly  deployed  insulated  transportable  shelter  that 
can  be  assembled  without  tools.  The  shelter  is  rated 
for  temperatures  as  low  as  -60°F,  and  wind  speeds 
up  to  75  knots.  The  shelter  can  be  fully  assembled 
by  two  people  within  1 5  minutes.  The  96-square- 
foot  (12  by  8)  floor  will  support  a  distributed  load  of 
1 ,000  pounds.  The  MWS  plywood  floor  is  supported 


by  a  skid-mounted  aluminum  frame.  Selective 
cutting  and  removal  of  plywood  sections  permit 
access  through  the  floor.  The  frame  supports  a 
three-ply  insulated  fabric  cover  with  a  clip  fastening 
system  to  secure  the  cover  to  the  frame.  The  cover 
has  a  48-inch  roll-up  cargo  door  and  a  24-inch  C-zip 
door  on  opposite  sides  of  the  shelter.  U-bolts  are  in- 
corporated into  the  6-inch-wide  aluminum  skids  to 
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facilitate  towing  or  lifting  by  helicopter.  Total  weight 
of  the  shelter,  including  the  plywood  floor,  is  550 
pounds. 

No  tools  are  required  for  shelter  assembly  due 
to  the  slip-tube  type  connections  featured  on  the 
skids,  floor  beams,  joists,  and  support  arches. 

Aluminum  skids,  6  inches  wide  and  14  feet 
long,  allow  easy  mobility  and  handling  over  ice  and 
snow.  U-bolts  are  placed  on  the  upturned  ends  of 
the  runners  to  provide  easily  accessible  connection 
points  for  towing  or  helicopter  lifts.  The  MWS  is 
light  enough  to  be  towed  by  ATV  or  snowmobile.  It 
can  also  be  transported  as  a  helicopter  sling  load  at 
speeds  up  to  60  knots. 

The  shelter  flooring  consists  of  slip-joint  beams 
and  joists  that  support  three  4  by  8  sheets  of 
plywood.  The  plywood  slips  into,  and  is  secured  by, 
a  square  channel.  No  additional  fasteners  are 
required.  The  modular  construction  allows  a  sec- 
tion of  the  floor  to  be  easily  removed  for  access 
through  the  floor. 

The  three  pieces  (top  and  two  sides)  of  the 
cover  are  sewn  together  to  make  a  one-piece 
cover.  This  reduces  assembly  time  and  makes  the 
shelter  more  "weather  tight."  Three  arches  span 
the  12-foot  length  to  support  the  insulated  fabric 
cover.  Each  arch  consists  of  four  sections  of 
aluminum  tube  with  T-type  slip-tube  connections 
welded  into  one  end.  Spacer  tubes  are  placed 
between  the  arches  to  provide  stability  and  rigidity. 
Clearance  between  the  floor  and  top  of  the  shelter 
at  the  center  is  7  feet. 

Features  of  the  MWS  include:  (1 )  a  flameproof 
boot  for  electrical  cables,  stove  pipes,  etc., 
located  in  the  arched  section  of  the  fabric  cover, 
(2)  two  triangular  ports  to  help  regulate  a  comfort- 


able temperature  and  ventilate  the  shelter,  (3)  a 
translucent  insulated  fabric  cover  which  allows  light 
for  workers  inside  the  shelter,  and  (4)  two  "Lexan" 
windows  for  observing  outside  activity  and  allowing 
additional  light  into  the  shelter. 

A  50,000-Btu  heater  easily  maintains  shelter 
temperature  at  50°F  or  higher  with  outside  tem- 
peratures as  low  as  -60°F. 

The  MWS  is  designed  to  provide  shelter  from 
the  harsh  winter  conditions,  specifically  the  Arctic 
environment;  however,  by  outfitting  ihe  shelter 
with  an  air  cooling  unit  in  place  of  a  heater,  the 
shelter  can  also  be  used  as  a  warm  climate  MWS. 
The  MWS  could  be  modified  with  flotation  tires  to 
facilitate  pushing  by  personnel  or  towing  for  short 
distances  over  land  by  small  vehicles. 

An  optional  24-inch  hinged  hard  door  is 
available,  but  must  be  specified  during  initial  pro- 
curement. 

SPECIFICATIONS 

Weight  with  floor  550  pounds 

Interior  dimensions,  LxWxH 12x8x7  feet 

Exterior  dimensions,  LxWxH  14x8x8  feet 

Construction  time 15  minutes 

Personnel  required 2 

Tools  required none 

Internal  load 1,000  pounds 

Temperature  rating  -60°F 

Wind  load 75  knots 

Frame  material aluminum 

Cover  material nylon/polytherm/nylon 

Flooring,  3  sheets  1/2-inch  plywood 

Doors 48-inch  roll-up  cargo, 

w/C-zip  24-inch  C-zip 


( 
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NCEL  CONTACT 

Scott  Barradas,  Code  L45  (Construction  Systems  Division) 

Autovon  551-1006,  Comm  (805)  982-1006 

or 

Jerry  Dummer,  Code  L03C  (Facilities  Engineering  Support  Office) 

Autovon  551-1599,  Comm  (805)  982-1599 

or 

Answering  Machine 

Autovon  551-4070,  Comm  (805)  982-4070 
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Portable  Hydraulic  Power  Source 


Underwater  Construction  Teams  (UCTs)  have 
requirements  to  operate  hydraulic  tools  in  any 
environment.  NCEL  has  developed  a  portable 
hydraulic  power  source  (PHPS)  designed  to  en- 
able oil  hydraulic  tools  to  be  operated  in  an  Arctic 
environment.  This  hydraulic  power  source  is  a 
three-piece  modular  assembly  developed  to  be 
lightweight,  mobile,  and  capable  of  powering  any 
single  diver-operated  hydraulic  tool  through  a 
250-foot  hose.  It  can  be  handled  manually  by  four 
personnel,  transported  in  a  small  aircraft,  and 
operated  from  a  22-foot  inflatable  boat.  This 
power  source  can  be  started  at  -40°F,  and  will 
supply  8  gpm  of  hydraulic  fluid  at  2,000  psi. 


The  PHPS  is  a  modularized  assembly  consist- 
ing of  three  basic  components:  a  lower  engine/ 
pump  module,  an  upper  reservoir  module,  and  a 
hose  reel.  The  modular  design  was  selected  for 
ease  of  handling  and  to  fit  into  small  boats  and 
light  aircraft.  The  power  units  can  be  quickly  and 
easily  set  up  in  the  field. 

The  lower  engine/pump  module  is  enclosed  in 
an  aluminum  frame  that  measures  36  inches  long 
by  23  inches  wide  by  28  inches  high.  This  module 
weighs  325  pounds  and  has  four  lifting  handles  as 
well  as  four  lifting/tie-down  points.  The  prime 
mover  is  an  18-hp,  two-cylinder,  Lombardini  diesel 
engine.    Two  glow  plugs  are  mounted  in  the 


reservoir  and  battery 
upper  module 


hose  reel  unit 


engine  and  pump 
lower  module 


/ 


engine 
exhaust 
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engine  inlet  air  manifold,  one  over  each  cylinder, 
to  provide  preheating  of  the  inlet  air  during  cold 
starts.  The  engine  is  started  electrically  by  means 
of  a  12- volt  battery  integral  to  the  system.  The 
variable  displacement,  axial  piston  pump  allows 
the  engine  to  be  started  with  no  hydraulic  load. 
The  power  source  can  be  operated  for  at  least  8 
hours  without  refueling  by  using  a  "jerry"  can 
attached  to  the  unit's  external  fueling  adaptor. 

The  reservoir  module  frame  measures  35  inches 
long  by  20  inches  wide  by  16  inches  high,  weighs 
145  pounds,  and  contains  a  5-gallon  hydraulic  oil 
reservoir  and  a  battery  box.  Tribolube  L-6  hy- 
draulic fluid  has  been  selected  for  operating  in 
ambient  temperatures  from  -40  to  32°F.  Tri- 
bolube L-l  is  used  when  operating  in  ambient 
temperatures  above  freezing.  The  battery  used  is 
a  marine/RV  gel-cell  battery  with  a  700  cold 
cranking  amps  rating.  The  gel-cell  construction 
provides  high  recovery  capability  from  deep  dis- 
charge, as  well  as  a  leakproof  feature  which  allows 
the  battery  to  be  shipped  without  special  handling 
considerations. 

The  portable  hose  reel  measures  33  inches 
long  by  33  inches  wide  by  34  inches  high.  It  holds 
250  feet  of  3/4-inch  tandem  hose  and  weighs  365 
pounds  with  the  hose  filled  with  oil.  A  single 
length  of  tandem  hose  delivers  the  oil  to  the  tool 
and  returns  it  to  the  power  unit. 

System  preheaters  are  incorporated  for  opera- 


tion in  extremely  low  temperatures.   These  pre- 
heaters are  located  in  the  engine  oil  sump,  the 
hydraulic  fluid  reservoir,  and  in  the  battery  enclo- 
sure. These  are  powered  by  an  external  source  of    ( 
120  V  60  Hz  AC  electricity. 

The  Portable  Hydraulic  Power  Source  has 
proved  its  capability  to  provide  the  flow  and 
pressure  required  to  operate  any  one  of  the  UCT's 
hydraulic  tools.  It  is  readily  transportable  and  can 
be  operated  in  any  environment. 

PHPS  Characteristics 

Max  Flow/Pressure 8  gpm/2,000  psi 

Temperature  Range >  -40°F 

Component  Weight/Cube 

Engine/pump  module  325  lb/13.4  ft3 

Reservoir  module  145  lb/  6.5  ft3 

Hose  reel 365  lb/21.4  ft3 

Hydraulic  Hose  Length 250  ft 

Fuel  Capacity  (diesel) 6  gal  (8  hours  of  operation) 


NCEL  CONTACT 

Nate  Sinclair,  Code  L45  (Construction  Systems  Division) 

Autovon  551-1005,  Comm  (805)  982-1005 

or 

Jerry  Dummer,  Code  L03C  (Facilities  Engineering  Support  Office) 

Autovon  551-1599,  Comm  (805)  982-1599 

or 

Answering  Machine 

Autovon  551-4070,  Comm  (805)  982-4070 
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Acoustic  Levitator  With  Furnace  and  Laser  Heating 

The  levitated  sample  can  be  heated  to  more  than  1,500  °C. 


An  acoustic-levitation  apparatus  incor- 
porates an  electrical-resistance  furnace  for 
uniform  heating  up  to  a  temperature  of 
about  1,000  °C.  Additional  local  heating  by 
a  pair  of  laser  beams  can  raise  the  tem- 
perature of  the  sample  to  more  than 
1,500  °C.  The  apparatus  is  designed  for 


use  in  the  containerless  processing  of 
materials  in  microgravity  or  in  normal  Earth 
gravity. 

The  apparatus  (see  Figure  1)  includes 
a  round  cylindrical  quartz  tube  surround- 
ed by  a  quartz  mandrel  that  supports  the 
heating  wire.  Sound  at  a  frequency  of  20 


kHz  is  generated  by  a  piezoelectric  trans- 
ducer and  coupled  via  a  horn  and  a  driver 
rod  into  the  quartz  tube.  The  dimensions 
of  the  tube  are  chosen  so  that  at  the 
20-kHz  frequency,  the  sound  waves  excite 
an  acoustic  resonance  that  provides 
stable  levitation  of  the  sample  at  the  center 


Piezoelectric 


Adjustable- 
Position 


.  Nickel/Chromium 
Alloy  Heating  Wire 


Insertion  and 
Removal  of  Sample 


Stepplng-Motor 


Figure  1 .  The  High  Temperature  Single-Mode  Acoustic  Levitator 

generates  a  cylindrical-mode  acoustic  resonance  that  levitates  a 
sample.  The  levitation  chamber  is  enclosed  in  an  electrical-resis- 
tance furnace. 


of  the  tube.  Because  the  resonant  length  of  the  tube  at  a 
fixed  frequency  varies  with  the  speed  of  sound  (which 
increases  with  temperature),  an  adjustable  quartz  plunger 
driven  by  a  stepping  motor  is  used  to  adjust  the  length  to 
maintain  the  resonance  during  heating. 

To  prepare  for  ground-based  levitation,  the  plunger  is 


Computer-Con  trolled 
Steering  Mirror 


Computer-Controlled 
Steering  Mirror" 


Figure  2.  Infrared  Beams  from  an  Nd: YAG  laser  provide  additional 
local  heating  of  the  sample.  This  is  a  simplified  diagram:  the  equip- 
ment also  includes  lenses,  collimators,  additional  beam  splitters,  and 
a  helium/neon  laser  used  in  alignment. 

lowered  below  a  port  near  the  bottom  of  the  quartz  tube,  and 
the  sample  is  inserted  through  the  port  onto  a  wire  screen. 
The  screen  is  then  raised  to  bring  the  sample  up  to  the  initial 
levitation  position,  and  the  plunger  is  raised  to  the  position 
that  corresponds  to  the  initial  resonant  length.  Once  the 
sound  begins  to  support  the  sample,  the  screen  is  lowered 
out  of  contact  with  the  sample.  The  sample  is  removed  from 
the  chamber  by  reversing  this  procedure. 

The  levitation  chamber  and  furnace  include  viewing  ports 
for  observation  of  the  sample.  Two  additional  ports  (not 
shown)  are  used  to  direct  the  laser  heating  beams  at  the 
sample  from  two  opposite  directions.  The  beams  are  gen- 
erated by  splitting  the  beam  from  a  neodymium:yttrium 
aluminum  garnet  (Nd:YAG)  laser  of  1 00-W  power  and  1 .06- 
um  wavelength  and  are  aimed  at  the  sample  by  a  pair  of 
computer-controlled  steering  mirrors  (see  Figure  2).  The 
temperature  of  the  sample  is  measured  optically  (in  terms 
of  radiance  and  surface  reflectance)  by  use  of  a  0.904-u.m 
laser  pyrometer. 

This  work  was  done  by  Martin  B.  Barmatz  and  James  D. 
Stoneburner  of  Caltech  for  NASA's  Jet  Propulsion  Laboratory. 
NPO-18035/TN 
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Apparatus  Circulates  Sterilizing  Gas 

Only  the  parts  to  be  sterilized  are  exposed  to  ethylene  oxide. 


An  apparatus  circulates  a  sterilizing  gas 
containing  ethylene  oxide  and  a  chlorof  luo- 
rocarbon  through  laboratory  or  medical 
equipment.  It  is  particularly  suitable  for 
sterilization  of  the  interiors  of  bioreactors, 
heart/lung  machines,  dialyzers,  or  other 
equipment  that  includes  complicated  tub- 
ing. The  apparatus  confines  the  sterilizing 
gas,  circulating  it  only  through  the  parts  to 
be  treated.  This  is  an  important  advantage 
for  three  reasons:  (1)  it  minimizes  the  ex- 
posure of  personnel  to  ethylene  oxide, 
which  is  toxic;  (2)  it  maintains  a  sterilizing 
concentration  of  gas  in  restricted  places, 
where  the  volume  of  the  gas  is  small  in  re- 
lation to  the  areas  of  surfaces  on  which  mi- 
crobes reside;  and  (3)  equipment  not  to  be 
treated  is  not  subjected  to  unwanted  side 
effects  of  ethylene  oxide  or  the  products  of 
its  decomposition. 

The  apparatus  consists  of  two  units  (see 
figure).  One  unit  delivers  the  ethylene  oxide/ 
chlorofluorocarbon  gas  mixture  and  re- 
moves the  gas  after  treatment.  The  other 
unit  warms,  humidifies,  and  circulates  the 
gas  through  the  equipment  to  be  treated. 
The  apparatus  and  the  equipment  to  be 
treated  are  placed  in  a  fume  hood. 

The  sterilization  process  is  partly  cyclic. 
First,  the  gas,  at  a  relative  humidity  of  30 
to  50  percent,  is  circulated  through  the 
equipment  to  be  sterilized.  Any  valves  in 
the  equipment  are  operated  to  assure 
thorough  exposure  of  the  interior  surfaces 
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The  Sterilizing  Apparatus  circulates  a  gas  mixture  containing  ethylene  oxide  through  tubes, 
valves,  and  other  parts  of  equipment  to  be  sterilized.  The  apparatus  contains  the  toxic  ethylene 
oxide  and  is  cheaper  than  an  ordinary  commercial  gas  sterilizer  is  because  the  gas  is  used  at 
relatively  low  pressure — about  10  psig  (69  kPa  gauge). 


( 


to  the  gas.  After  the  sterilization  period,  the 
system  is  evacuated  to  remove  the  steriliz- 
ing gas,  and  then  sterile  air  is  admitted.  The 
cycle  is  then  repeated  at  4-minute  intervals 
for  2  hours  or  more.  If  the  equipment  to  be 
treated  is  a  bioreactor,  after  the  steriliza- 
tion-gas treatment,  it  is  washed  with  slightly 
acidic  water  overnight,  then  rinsed  with 
neutral  water.  The  process,  taken  as  a 


whole,  provides  reliable  sterilization  with 
negligible  residual  toxicity  from  ethylene 
oxide. 

This  work  was  done  by  John  H.  Cross 
and  Ray  P.  Schwarz  of  KRUG  International 
for  Johnson  Space  Center. 
MSC-21552/TN 
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Bidirectional  Drive-and-Brake  Mechanism 

Motion  of  a  single  lever  provides  both  driving  and  braking. 


A  bidirectional  drive-and-brake  mechanism  is  part  of 
a  small  vehicle  that  is  driven  manually  along  a  monorail 
somewhat  in  the  manner  of  a  railroad  handcar.  The 
vehicle  looks  and  functions  like  a  hybrid  of  a  handcar 
and  a  bicycle  (see  Figure  1).  The  vehicle  and  mecha- 
nism were  conceived  for  use  by  an  astronaut  traveling 
along  a  structure  in  outer  space,  but  the  basic  concept  could 
be  applied  on  Earth,  for  example,  to  make  very  small  railroad 
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Figure  2.  The  Bidirectional  Drive-and-Brake  Mechanism  includes  a  selectable-pawl- 
and-ratchet  overrunning  clutch  (the  drive  mechanism)  and  mating  stationary  and  ro- 
tating conical  surfaces  that  can  be  pressed  against  each  other  (the  brake  mecha- 
nism). The  mechanism  operates  similarly  to  a  bicycle  drive-and-brake  mechanism  except 
that  it  limits  the  rotation  of  the  sprocket  in  both  directions  and  brakes  at  both  limits. 


Figure  1.  A  Vehicle  That  Crawls  Along  a  Monorail  combines 
features  of  both  a  bicycle  and  a  railroad  handcar. 


handcars  or  crawling  vehicles  for  use  on 
large  structures,  in  pipelines  under  con- 
struction, or  underwater. 

As  in  the  case  of  a  bicycle  crank  with 
pedals,  the  motion  of  a  single  lever  with 
a  handle  actuates  both  the  driving  and 
braking  functions,  and  the  range  of  mo- 
tion determines  which  function  is  selected. 
As  on  a  handcar  rather  than  on  a  bicycle, 
even  when  driving,  the  lever  is  moved  re- 
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ciprocally  through  a  limited  arc.  A  bicycle- 
like combination  of  roller  chain  and  sprock- 
ets transmits  the  motion  of  the  lever  to  the 
drive-and-brake  mechanism. 

Shown  in  more  detail  in  Figure  2,  the 
mechanism  includes  a  cylindrical  body 
that  drives  and  brakes  the  vehicle  by  ro- 
tating in  frictional  contact  with  the  mono- 
rail. A  nonrotating  central  shaft  with  thread- 
ed ends  is  mounted  on  guide  brackets  that 
hold  the  vehicle  on  the  monorail. 

The  sprocket  on  the  mechanism  is  at- 
tached to  a  drive  gear  and  a  short  tubular 
shaft  that  rotates  about  the  central  shaft. 
During  the  forward  or  reverse  stroke  of  the 
lever,  one  of  two  manually  selectable 
spring-loaded  pawls  transmits  forward  or 
reverse  driving  torque,  respectively,  from 
the  drive  gear  to  the  cylindrical  body.  The 
pawls  are  arranged  so  that  only  the  one 
for  the  selected  direction  of  drive  can 
engage  the  drive  gear. 


A  portion  of  the  short  tubular  shaft  in- 
cludes double-pitched  outer  threads  that 
mate  with  similar  threads  in  a  double- 
ended  frustoconical  brake  body.  As  the 
motion  of  the  lever  causes  this  shaft  to 
rotate,  the  action  of  the  threads  causes  the 
brake  body  to  slide  along  the  central  shaft. 
Splines  on  the  central  shaft  and  brake 
body  allow  the  brake  body  to  slide 
lengthwise  but  prevent  it  from  rotating.  At 
the  extremes  of  the  arc  of  lever  motion, 
beyond  the  limits  of  the  driving  arc,  the 
brake  body  makes  contact  with  conical  in- 
ner surfaces  of  the  rotating  cylindrical 
body,  and  the  friction  of  this  contact  brakes 
the  motion  of  the  vehicle.  Thus,  for  exam- 
ple, when  the  forward-driving  pawl  is 
selected,  one  can  brake  the  vehicle  as  one 
brakes  a  bicycle:  by  moving  the  lever  to 
the  limit  of  its  travel  in  the  reverse-torque 
direction.  However,  unlike  on  a  bicycle, 
even  when  forward  drive  is  selected,  one 


can  also  brake  the  vehicle  by  moving  the 
lever  to  the  limit  of  its  travel  in  the  forward- 
torque  direction. 

This  work  was  done  by  Scott  A.  Swan 
of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21540/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-1871 
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Computation  of  Flow 
in  a  Turbine  Stage 
on  a  Refined  Grid 

The  finer  grid  yields  more 
accurate  results. 

A  report  describes  a  numerical  simula- 
tion of  the  flow  in  an  axial-turbine  stage, 
showing  the  interactions  between  the  rotor- 
and  stator-airfoil  rows.  This  study  com- 
plements an  earlier  three-dimensional, 
time-accurate  Navier-Stokes  numerical 
simulation.  In  this  study,  a  finer  computa- 
tional grid  and  a  modified  stator  geometry 
(to  account  properly  for  blockage  effects) 
are  used. 

In  the  previous  study,  a  relatively  coarse 
grid  of  25  points  in  the  spanwise  direction 
(perpendicular  to  the  axis  of  the  turbine) 
was  used  to  resolve  both  the  main  flow 
and  the  boundary  layers  at  the  hub  and 
casing.  In  this  study,  twice  as  many  points 
in  the  spanwise  direction  are  used  to  re- 
solve the  end-wall  and  tip-clearance  ef- 
fects better. 

The  turbine  stage  considered  has  22 
airfoils  in  the  stator  row  and  28  airfoils  in 
the  rotor  row.  In  both  this  and  the  previous 


study,  the  amount  of  computation  was  re- 
duced by  imposing  a  periodicity  that  made 
it  possible  to  reduce  the  number  of  airfoils 
to  a  single  rotor-stator  pair.  This,  however, 
required  an  enlargement  of  either  the  rotor 
or  the  stator  airfoil  in  the  axial  and  azimu- 
thal  directions,  keeping  the  same  pitch-to- 
chord  ratio.  In  the  previous  study,  the  rotor 
airfoil  was  modified;  the  results  from  this 
study  showed  that  the  interaction  effects 
were  more  pronounced  in  the  rotor  pas- 
sages than  in  the  stator  passages.  Con- 
sequently, to  simulate  the  interaction  ef- 
fects more  accurately  in  this  study,  the 
rotor  airfoil  was  restored  to  its  original  ge- 
ometry, and  the  stator  airfoil  was  modified. 
The  previous  study  followed  the  patched- 
grid  approach,  in  which  adjacent  grids 
come  together  along  common  lines.  This 
study  follows  the  overlaid-grid  approach, 
in  which  grids  have  common  areas  of 
overlap.  The  overlaid-grid  approach  results 
in  grids  that  are  free  of  singularities,  less 
skewed,  and  much  more  easily  tailorable 
to  a  variety  of  geometries.  The  combina- 
tion of  the  finer  spanwise  grid,  the  un- 
modified rotor  geometry,  and  the  overlaid 
grids  results  in  a  more  realistic  simulation 
of  the  physical  conditions  in  the  real 


turbine. 

The  authors  conclude  that  the  results 
of  the  previous  coarse-grid  and  the  pres- 
ent fine-grid  calculations  are  in  good 
agreement  with  each  other  and  with  ex- 
perimental results.  In  general,  both  calcu- 
lations yield  similar  results  at  the  various 
spanwise  locations,  except  at  the  hub  and 
the  outer  casing.  Several  features,  such 
as  the  surface  flow  in  the  rotor  and  pres- 
sures on  the  hub  and  casing,  are  predicted 
better  by  the  present  fine-grid  calculations. 
The  two  calculations  predict  significantly 
different  structures  for  the  vortexes  in  the 
stator  passage.  It  is  believed  that  the  fine- 
grid  results  are  more  representative  of  the 
real  flow  field. 

7ir»/'s  work  was  done  by  N.  K.  Madavan 
of  Sterling  Software,  M.  M.  Rai  of  Ames 
Research  Center,  and  S  Gavali  of  Amdahl 
Corp.  Further  information  may  be  found 
in  AIM  paper  89A-25274,  "Grid  Refine- 
ment Studies  of  Turbine  Rotor-Stator  In- 
teraction." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street,  New 
York,  New  York  10019,  Telephone  No.  (212) 
247-6500.    ARC-12444/TN 
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Diamond-Coated  Wire-Feeding  Nozzle 

Hard  vacuum-deposited  film  would  greatly  improve  nozzle  properties. 


The  tip  and  bore  surfaces  of  a  proposed 
nozzle  for  feeding  wire  for  gas/tungsten  arc 
welding  would  be  coated  with  a  film  of  syn- 
thetic diamond  (see  figure).  The  film  would 
give  the  nozzle  the  following  advantages: 

•  Lower  friction;  the  wire  would  pass  through 
it  easily,  without  snagging. 

•  Thermal  conductivity  higher  than  that  of 
copper,  the  wire  would  be  preheated 
more  efficiently. 

•  Less  wear;  the  coated  nozzle  would  out- 
last conventional  wire-feeding  nozzles. 

•  Electrical  isolation  of  the  wire  from  the 
nozzle;  this  would  help  prevent  bum-back 
fusion  of  the  wire  and  nozzle. 

•  High  resistance  to  corrosion. 

The  diamond  coat  would  be  deposited 
on  the  bare  stainless-steel  nozzle  in  a 
vacuum  chamber.  The  nozzle  would  be 
heated  to  about  1,000  °C  in  the  chamber, 
which  would  be  backfilled  with  an  at- 
mosphere of  methane  and  hydrogen.  The 
gases  would  be  bombarded  by  microwave 
to  form  a  plasma.  The  methane  would 
decompose  into  carbon  and  hydrogen, 
and  the  carbon  would  be  deposited  on  the 
tip  and  bore,  forming  the  diamondlike  film. 
The  hydrogen  atmosphere  would  prevent 


A  Thin  Film  of  Diamond  would  cover  the  tip 
and  extend  along  the  bore  of  a  nozzle.  The  film 
would  reduce  wear.  An  electrical  insu- 
lator but  a  thermal  conductor, 
diamond  would  prevent 
short  circuits  but 
enhance  the  trans- 
fer of  heat  to  the 
welding  wire  pass- 
ing along  the  bore. 

the  diamondlike  molecular  structure  of  the 
deposited  carbon  from  collapsing  into  a 
graphitic  structure. 

This  work  was  done  by  Jeffrey  L.  Gilbert 
of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29714/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Experiments  To  Verify 
Computed  Flows 

Computations  and 
experiments  should  be 
planned  in  coordination. 

A  technical  memorandum  discusses 
the  role  of  experiments  in  the  development 
of  computational  fluid  dynamics  (CFD)  for 
the  prediction  of  aerodynamic  flows.  Be- 
cause the  flow  fields  susceptible  to  numeri- 
cal simulation  are  becoming  more  compli- 
cated and  CFD  shows  increasing  potential 
for  use  in  design,  there  is  a  need  to  verify 
the  details  of  simulations  with  flow-field  and 
boundary-condition  measurement  data  in 
addition  to  the  traditional  model-surface 
and  integral  measurement  data.  Nonintru- 
sive  measurement  techniques  will  have  to 
be  improved  and  developed  to  obtain 
greater  accuracy,  especially  in  hypersonic 
and  chemically  reacting  flows.  Further- 
more, there  will  have  to  be  more  redundan- 
cy in  measurements  and  experiments  to 
enhance  accuracy  and  credibility.  Thus, 
the  progress  of  CFD  is  becoming  increas- 
ingly dependent  on  the  coordinated  plan- 
ning of  computations  and  experiments. 


The  memorandum  discusses  the  types 
of  experiments  needed,  citing  the  con- 
cepts of  validation  and  calibration.  As  used 
here,  "validation"  denotes  detailed  com- 
parisons of  computed  and  predicted  sur- 
face-measurement and  flow-field  data  to 
verify  the  accuracy  of  the  prediction  of  the 
critical  physics  of  a  flow,  while  "calibration" 
denotes  the  comparison  of  some  of  the 
CFD  predictions  with  experimental  data  for 
realistic  flows  similar  to  those  of  interest  in 
design,  to  verify  the  accuracy  of  prediction 
of  parameters  important  to  design  objec- 
tives. Experiments  are  categorized  broadly 
as  flow-physics,  physical-modeling,  cali- 
bration, or  verification  experiments. 

The  requirements  upon  measurements 
are  discussed  from  the  perspectives  of 
completeness  and  accuracy.  Complete- 
ness involves  such  concepts  as  the  vari- 
ous types  of  data  needed,  the  range  of  op- 
erating conditions  in  which  measurements 
should  be  performed,  and  adequate  data 
from  all  critical  points  in  a  flow.  Accuracy 
involves  not  only  the  calibrations  and  per- 
turbations of  measuring  instruments  but 
also  accounting  for  errors  introduced  by 
computational  procedures. 

The  requirements  upon  wind  tunnels  are 


discussed.  These  include  versatility,  well- 
defined  test  and  boundary  conditions,  ap- 
propriate ranges  of  scale  and  speed,  ac- 
cessibility to  nonintrusive  instrumentation, 
provisions  for  fast  data-processing  sys- 
tems, and  dedication  to  use  for  verification 
experiments. 

Prospects  for  future  advantages  in  CFD 
are  discussed,  using  examples  of  "bench- 
mark" experiments  coordinated  with  com- 
putations as  parts  of  a  continuing  program 
at  Ames  Research  Center.  These  are  the 
turn-around-duct,  transonic  wing  and  wing/ 
body,  three-dimensional  supersonic  shock 
interaction,  and  hypersonic  all-body  ex- 
periments. 

777/s  work  was  done  by  Joseph  G.  Marvin 
of  Ames  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-100087 
[N88-20423],  "Accuracy  Requirements 
and  Benchmark  Experiments  for  CFD  Vali- 
dation." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  3364700. 
ARC-12231/TN 
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Flexure  Bearing  Reduces  Startup  Friction 

Flexures  absorb  small  torque  "bumps." 


A  design  concept  for  a  ball  bearing  in- 
corporates small  pieces  of  shim  stock, 
wire  spokes  like  those  in  bicycle  wheels, 
or  other  flexing  elements  to  reduce  both 
stiction  and  friction  slope  (derivative  of  fac- 
tional torque  with  respect  to  angle).  The 
concept  is  intended  for  bearings  in  gim- 
bals on  laser  and/or  antenna  mirrors,  where- 
in highly  accurate  aiming  is  required;  stic- 
tion and  friction  (including  Dahl  friction)  at 
startup  and  turnaround  degrade  accuracy. 
Previously,  to  overcome  friction,  designers 
used  servos  as  described  in  the  following 
article. 

In  the  flexure  bearing,  the  flexing  ele- 
ments would  be  placed  between  the  outer 
race  of  a  ball  bearing  and  an  outer  ring. 
These  elements  would  flex  when  the  ball 
bearings  encountered  small  frictional-torque 
"bumps"  or  even  larger  ones  when  bear- 
ings balls  encounter  buildups  of  grease  on 
the  inner  or  outer  race.  The  flexure  of  these 
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Flexing  Elements  (e.g.,  shims  or  spokes) 
would  help  smooth  out  frictional-torque 
"bumps"  in  a  ball  bearing. 

elements  would  reduce  the  high  friction 
slopes  of  these  "bumps,"  helping  to  keep 


the  torque  between  the  outer  ring  and  the 
inner  race  low  and  more  nearly  constant. 

In  a  simulation  of  a  high-performance 
gimbaled  platform,  a  friction  slope  of  2,000 
lb»ft  (2,712  N»m)  per  radian  caused  unsat- 
isfactorily large  aiming  errors.  When  the 
friction  slope  was  reduced  to  500  lb»ft  (678 
N»m)  per  radian,  the  aiming  performance 
was  satisfactory  because  the  control  loop 
was  fast  enough  to  correct  for  the  buildup 
of  friction.  The  design  of  a  flexure  bearing 
to  limit  the  friction  slope  to  500  lb»ft/rad 
has  not  been  completed. 

In  some  designs,  the  flexing  elements 
could  be  placed  between  an  inner  ring  and 
the  inner  race.  In  addition,  the  basic  flex- 
ure principle  could  be  applied  to  linear-mo- 
tion bearings. 

This  work  was  done  by  W.   Dean 
Clingman  of  Boeing  Aerospace  and  Elec- 
tronics for  Langley  Research  Center. 
LAR-14348/TN 
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Fully-Stressed-Design  Algorithm  for  Plate/Shell  Structures 

A  modification  of  the  basic  stress-ratio  algorithm  enhances  convergence. 


The  stress-ratio  algorithm  associated  with  the  fully 
stressed  design  of  a  plate  or  shell  structure  has  been 
modified  to  increase  the  rate  of  convergence  of  its  itera- 
tions toward  a  solution.  The  iterations  of  the  basic, 
unmodified  version  of  the  algorithm  tend  to  oscillate, 
converging  slowly  to  solutions  of  plate-thickness-design 
problems  that  involve  transverse  bending  loads.  The 
modified  algorithm  speeds  convergence  in  the  presence 
of  any  combination  of  membrane  and  bending  loads. 

In  the  fully-stressed-design  technique,  one  attempts  to  mini- 
mize the  weight  of  a  structure  by  letting  plate,  shell,  bar, or  other 


members  be  so  thin  that  at  some  point  in 
the  structure,  the  computed  stress  reach- 
es the  prescribed  allowable  stress  under 
at  least  one  loading  condition.  In  conjunc- 
tion with  a  reliable  stress-analysis  algo- 
rithm, the  stress-ratio  algorithm  is  used  to 
compute  such  a  fully  stressed  state  to  ob- 
tain an  efficient  distribution  of  materials 
in  the  structure. 

In  the  unmodified  stress-ratio  algorithm, 
each  iteration  requires  a  new  value  of  the 
sizing  parameter  of  a  component  to  be  de- 
signed (e.g.,  the  thickness  of  a  plate  or  the 
cross-sectional  area  of  a  bar).  In  the  case 
of  a  plate,  this  parameter  is  computed  from 

s  -  so  (amaJaaihJ  for  Pure  membrane 
stress  (no  bending  moments)  or  s  =  s0 
(amaxlaaiio*)V2  'or  Pure  transverse  bend- 
ing stress,  where  s  =  the  next  value  of 
the  sizing  parameter,  o0  =  the  present 
value  of  the  sizing  parameter,  aa//ovv  = 
the  prescribed  maximum  allowable  stress, 
and  omax  =  the  computed  maximum 
stress  in  the  component  at  its  present  size. 
Neither  of  the  above  equations  results  in 
satisfactory  convergence  when  both  mem- 
brane and  transverse  bending  stresses  are 


present,  because  in  that  case,  what  is 
needed  is  a  scaling  factor  between 


(amaxlaallcJ  and  K 


In       )V2 
<luallow>     ■ 


In  the  modified  algorithm,  the  effects  of 
both  kinds  of  stress  are  taken  into  account. 
The  thickness,  t,  scaled  according  to  tfmi 
=  ott^,  where  a  is  the  largest  real  solu- 
tion of 

AaA-Bo2±Ca-D  =  0 

and  the  following  definitions  apply: 
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The  Scaling  Factor,  a,  lies  in  the  shaded 
area  between  oJaallow  (representing  pure 
membrane  stress)  and  ^/ojo  Z"  (represent- 
ing pure  bending  stress). 


ox  and  oy  denote  perpendicular  compo- 
nents of  compressive  membrane  stress; 
rxy  denotes  shear  membrane  stress;  and 
superscripts  7"  and  B  denote  stresses  at 
the  top  and  bottom  surfaces  of  the  plate, 
respectively.  In  general,  a  is  found  between 


(°ol°aii<J  and  (go/<W1/2  (see  f'9ure)' 
where  a0  =  ^oI+oI-oxov+3tI. 


This  work  was  done  by  Hirokazu  Miura 
of  Ames  Research  Center. 
ARC-12687/TN 
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Lighted,  Folding  Inspection  Mirror 

This  compact,  inexpensive  tool  can  be  used  in  place  of  expensive  borescopes. 


A  compact,  cheap  tool  (see  figure)  is 
used  in  place  of  an  expensive  (about 
$200,000)  borescope  for  inspecting  and 
photographing  interior  surfaces  of  the 
cases  of  the  redesigned  solid  rocket 
motors  of  the  Space  Shuttle  for  salt-water 
corrosion,  fretting,  or  other  damage.  Pre- 
viously, examination  of  these  surfaces  had 
been  tedious  because  of  the  lack  of  ade- 
quate tools.  This  new  tool,  which  can  be 
carried  in  an  inspector's  pocket,  greatly 
shortens  the  inspection/photographing 
process.  This  tool  will  be  useful  in  the  as- 
sembly of  segments  of  the  solid  rocket 
motors  as  well  as  in  postflight  assessment, 
engineering  evaluation,  and  refurbishment. 
It  can  be  applied  in  general  to  the  inspec- 
tion and  photographing  of  inner  sealing 
surfaces  to  which  access  is  difficult. 

The  tool  includes  two  small  metal  or 
glass  mirrors  hinged  together  (see  figure). 
Two  3-V  light  bulbs  are  attached  along  the 
edges  of  one  mirror  and  connected  to  a 
battery  of  two  cells.  The  cells  are  attached 
to  the  back  side  of  one  of  the  mirrors.  For 
inspection  of  the  clevises  or  tangs  of  the 
solid  rocket  motors,  the  size  of  each  mir- 
ror is  about  3  in.  (7.6  cm)  x  2  in.  (5.1  cm). 
The  lighted  mirror  is  inserted  into  the  nar- 
row opening  of  the  clevis  or  tang,  and  the 
surface  can  be  viewed  and  photographed 
in  the  opposite  mirror. 

This  work  was  done  by  Brian  E.  Roepe 
of  Thiokol  Corp.  for  Marshall  Space 
Flight  Center.  MFS-28457/TN 
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Matching  Terrain-Height  Maps  for  a  Robotic  Vehicle 

Data  equivalent  to  topographical  maps  digitized  at  different  intervals  are  merged. 


A  computational  method  for  merging 
coarser-  and  finer-scale  terrain-height  data 
is  being  developed.  Although  the  method 
was  intended  initially  for  use  in  guiding  the 
motions  of  the  proposed  Mars  rover  vehi- 
cle, the  underlying  concept  is  clearly  ap- 
plicable to  such  other  problems  as  guiding 
semiautonomous  robotic  land  vehicles  in 
general  and  merging  different  topographi- 
cal maps  that  may  contain  partly  con- 
flicting and/or  partly  unreliable  data  on  the 
same  terrain. 

The  basic  idea  is  to  refine  the  estimate 
of  the  position  of  the  vehicle  by  matching 
two  sets  of  data  that  are  equivalent  to  two 
topographical  maps  of  different  scales 
(see  figure).  One  set  includes  the  terrain- 
height-vs.-horizontal-position  data  estimat- 
ed from  the  outputs  of  its  stereoscopic  vi- 
sion subsystem  and  from  the  result  of  a 
dead-reckoning  calculation  based  on  the 
outputs  of  its  wheel-position  sensors.  The 
terrain-height  data  points  in  this  set  can 
be  located  at  unequal  horizontal  inter- 
vals. The  other  set  consists  of  more  near- 
ly conventional  topographical  data  derived 
from  a  camera  in  orbit  around  Mars  (or 
from,  say,  aerial  photography  in  a  terrestrial 
application). 

Because  of  the  uncertainty  in  matching 
the  local  map  generated  by  the  vehicle 
systems  with  the  most  global  map  gener- 
ated remotely  in  advance  (e.g.,  made  by 
telescope  on  Earth  in  advance  of  the  ex- 
ploration of  Mars  or  made  by  aerial  pho- 
tography of  a  local  area  on  Earth),  it  could 
be  desirable  to  use  a  hierarchy  of  merged 
maps,  with  a  more  complete  merging  of 
new  local,  old  local,  and  global  data.  How- 
ever, in  the  present  experimental  terrestrial 
version,  only  one  match  of  new  local  data 
with  global  data  from  aerial  photographs 
is  performed  for  each  new  view  taken  by 
the  stereoscopic  vision  subsystem  of  the 
vehicle  (see  figure). 

Because  of  the  relatively  poor  resolu- 
tion of  the  aerial  imagery,  the  technique 
for  matching  the  two  sets  of  data  is  de- 
signed to  make  full  use  of  the  information 
in  them.  Assuming  that  the  two  sets  of 
data  are  at  least  oriented  correctly  with 
respect  to  each  other,  the  terrain-matching 
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Merged  Height  Map 


Terrain-Height  Data  from  aerial  photographs  are  merged  with  similar  data  on  a  finer 
scale  estimated  from  stereoscopic-vision  and  wheel-sensor  outputs  on  a  robotic  vehicle. 


algorithm  steps  in  equal  increments 
through  a  3x  3  grid  of  vehicle  positions  un- 
til it  finds  the  one  that  produces  the  best 
match  of  the  vehicle-derived  height  map 
with  the  aerial-imagery  map.  The  assess- 
ment of  the  match  at  each  point  takes 
quantitative  account  of  uncertainties  in  the 
data  (expressed  as  covariance  matrices) 
and  probabilities  of  correctness  for  the 
points  in  the  two  maps.  The  grid  point  that 
gives  the  best  match  is  used  as  the  center 


of  another  3x3  search  at  half  the  previous 
increment.  This  procedure  is  repeated, 
doubling  the  spatial  resolution  each  time, 
until  the  finest  desired  horizontal  resolu- 
tion is  reached. 

This  work  was  done  by  Donald  B. 
Gennery  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.        NP0-17856/TN 
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Pneumatic  Spoiler  Controls  Airfoil  Lift 

Forward  air  ejection  reduces  lift  locally  to  aid  in  balancing  or  maneuvering. 


Air  ejection  from  the  leading  edge  of  an 
airfoil  can  be  used  for  controlled  decrease 
of  lift.  This  pneumatic-spoiler  principle  was 
developed  for  equalizing  the  lift  on  heli- 
copter rotor  blades.  It  can  also  be  used  to 
enhance  aerodynamic  control  of  short- 
fuselage  or  rudderless  aircraft  such  as  "fly- 
ing-wing" airplanes;  for  example,  it  can  be 
adapted  as  pneumatic  differential  spoilers 
that  create  a  turning  moment  while  mini- 
mizing adverse  yaw  effects. 

In  the  helicopter  application,  an  air  duct, 
Coanda  surface,  and  slot  would  supply  a 
stream  of  air  at  the  leading  edge  of  a  rotor 
(see  Figure  1).  The  pneumatic  spoiler 
would  be  used  in  conjunction  with  existing 
circulation  control  in  which  air  is  blown 
from  the  trailing  edge  to  augment  blade  lift; 
thus,  little  additional  hardware  would  be 
needed  since  the  plenum  and  control 
valves  would  be  already  in  place. 

The  lift  on  the  advancing  half  of  a  sym- 
metrical blade  is  so  much  greater  than  the 
lift  on  the  retreating  half  that  even  with 
trailing-edge  augmentation  on  the  retreat- 
ing half,  the  helicopter  tends  to  be  out  of 
trim.  However,  by  blowing  air  out  of  the 
leading  edge  while  it  is  advancing  and  tem- 
porarily stopping  the  flow  of  air  from  the 
trailing  edge,  the  lift  on  the  advancing  half 
is  decreased  so  that  it  more  closely  match- 
es that  of  the  retreating  half  (see  Figure  2). 
The  blade  is  thereby  balanced,  and  heli- 
copter performance  is  improved. 

Leading-edge  injection  can  also  increase 
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Figure  1.  In  the  Pneumatic  Spoiler,  the  ejection  of  air  through  a  slot  on  the  leading  edge  of  an 
airfoil  and  over  a  Coanda  surface  (to  which  the  ejected  airstream  tends  to  adhere)  reduces 
the  lift. 


ADVANCING 


RETREATING 


Figure  2.  Helicopter  Ro- 
tor-Blade Lift  is  shown 
as  a  function  of  blade 
azimuth,  both  with  and 
without  the  pneumatic 
spoiler  described  in  the 
text.  The  lift  on  the  ad- 
vancing and  retreating 
sides  is  more  nearly 
3qual  with  the  spoiler. 
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the  maneuverability  of  such  high-perform- 
ance fixed-wing  aircraft  as  fighters.  For  ex- 
ample, it  can  quickly  eliminate  the  lift  on 
one  wing  so  that  the  plane  can  snaproll  or 
on  both  wings  so  that  the  plane  can  drop 


almost  instantly. 

This  work  was  done  by  D.  Hunter  and 
T.  Krauss  of  United  Technologies  for 
Ames  Research  Center. 
ARC-11519/TN 
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Portable  Water-Saving  Shower  for  Emergencies 

A  stowable  compact  unit  would  spray  from  many  directions. 
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EMERGENCY  SHOWER  IN  STORAGE 


The  Emergency  Fogger  would  spray  cleansing  air/water  mist  from  individually  controllable  nozzles. 


A  proposed  portable  emergency  fogging 
shower  would  rinse  harmful  chemicals 
from  a  person.  Intended  for  use  on  the 
Space  Station,  it  could  be  used  in  labora- 
tories and  factories  on  Earth.  It  might  even 
be  used  for  routine  shower  bathing  in 
areas  with  limited  water  supplies. 

The  shower  would  include  a  double- 
walled  transparent,  approximately  cylin- 
drical curtain  containing  sets  of  interior 
nozzles  on  regularly  spaced  loops  (see 
figure).  The  shower  would  be  sealed  at 
the  top  and  bottom.  The  victim  of  con- 
tamination would  enter  through  a  longi- 
tudinal zippered  opening.  A  pressurized 
mixture  of  air  and  water  would  flow  through 
selected  nozzles,  creating  a  foglike  spray 
that  would  scrub  contaminants  from  the 
victim's  skin  and  clothing. 


Other  persons  assisting  the  victim  from 
outside  the  shower  would  direct  flow  to  af- 
fected areas  by  selectively  activating  noz- 
zles via  handles  that  protrude  through  the 
curtain;  thus,  the  consumption  of  water 
would  be  kept  to  a  minimum. 

A  flexible  hose  would  carry  the  mixture 
of  pressurized  air  and  water  to  a  network 
of  longitudinal  and  circumferential  tubes 
in  the  curtain.  The  wastewater  would  leave 
through  perforations  in  the  inner  wall  of  the 
curtain,  flow  into  a  collection  tube,  and  be 
removed  by  suction.  An  inner  layer  of  nylon 
mesh  or  nylon  balls  would  keep  the  inner 
and  outer  walls  separated  despite  the  suc- 
tion. 

The  shower  would  be  collapsible  to  a 
disk  for  storage  when  the  air-and-water 
supply  is  turned  off.  It  would  open  to  its 


full  length  quickly  when  the  supply  was 
turned  on  and  pressurized  the  network  of 
tubes. 

This  work  was  done  by  Francis  E. 
Grenier  of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-28459/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 
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Pressure-Actuated  Flow-Control  Valve 

Orifice  area  varies  according  to  supply  pressure. 


A  flow-control  valve  varies  its  cross-sec- 
tional area  with  the  drop  in  pressure.  The 
valve  was  conceived  for  controlling  the 
flow  of  oxidizing  fluid  in  a  rocket  engine, 
and  presumably  the  valve  concept  is  ap- 
plicable to  other  situations  in  which  it  is 
necessary  to  vary  flows  over  wide  ranges. 
In  the  rocket-engine  application,  the  fluid 
can  be  liquid  or  gaseous,  depending  on 
the  chosen  operating  conditions. 

The  valve  is  part  of  a  coaxial  oxidizer- 
injecting  nozzle  located  coaxially  within  an 
annular  fuel-injecting  passage.  Many  such 
elements  are  spaced  around  the  periphery 
of  the  combustion  chamber  of  the  engine. 
The  valve  includes  a  spring-loaded  sleeve 
that  slides  on  a  fixed  cylinder  (see  figure). 
Both  the  sleeve  and  the  cylinder  have  up- 
per and  lower  orifices.  Increased  pressure 
in  the  fluid  forces  the  sleeve  downward, 
thereby  exposing  a  varying  orifice  area  for 
the  oxidizer  to  flow  through.  As  the  sleeve 
moves  downward,  the  open  area  of  the  up- 
per pair  of  orifices  decreases,  and  the 
open  area  of  the  lower  pair  increases.  The 
dimensions  of  the  orifices  can  be  chosen 
to  produce  the  desired  schedule  of  flow 
area  vs.  position  of  the  sleeve. 

In  a  typical  sequence  of  operating  con- 
ditions, the  pressure  in  the  fluid  is  low,  and 
the  fluid  is  a  gas,  which  flows  through  the 
valve  in  region  A  of  the  flow  schedule  in 
the  figure.  As  the  pressure  is  increased, 
fluid  is  compressed  into  a  liquid.  The  di- 
mensions of  the  orifices  are  chosen  so 
that  the  orifice  area  exposed  at  the  higher 
pressure  is  smaller  to  accommodate  the 
higher  density  of  the  flow  (region  B).  As 
pressure  is  increased  further,  the  sleeve 
exposes  a  progressively  larger  orifice  area 
to  accommodate  the  increasing  flow  of  liq- 
uid (region  C). 

This  work  was  done  by  George  B.  Cox, 
Jr.,  of  United  Technologies  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-28513/TN. 
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The  Sliding  Sleeve  in  the  Valve  exposes  a  varying  orifice  area  to 
produce  the  flow-area  schedule  shown  below. 
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Redundant  Toggle/Hook  Release  Mechanism 

Advantages  include  shock-free  separation  and  reliability. 


A  release  mechanism  ensures  reliable 
separation  of  structural  members  while  im- 
parting minimal  impulse  to  the  members. 
The  mechanism  functions  even  when  two 
of  its  three  key  elements  have  failed.  The 
mechanism  does  not  rely  on  pyrotechnics, 
which  tend  to  shock  or  otherwise  disturb 
the  structure.  Nor  does  it  rely  on  the  tricky 
concept  of  frangibility  of  a  major  load-bear- 
ing part,  according  to  which  the  part  must 
be  strong  enough  to  hold  the  members 
together  until  the  time  for  separation,  when 
it  must  be  weak  and  brittle  enough  to  frac- 
ture. 

The  mechanism  includes  a  set  of  three 
hooks  and  pistons  that  hold  a  toggle  and 
thereby  clamp  a  plate  (which  is  part  of  one 
of  the  two  structural  members  to  be  sep- 
arated from  each  other)  to  the  body  of  the 
mechanism  (which  is  part  of  the  other 
structural  member).  In  the  locked  position, 
each  hook  is  prevented  from  rotating  on 
its  pivot  pin  (see  figure). 

To  operate  the  release  mechanism,  gas 
is  introduced  via  a  pressure  port  under 
each  piston.  The  pressure  of  the  gas 
forces  the  pistons  against  pins  that  hold 
them  in  place,  thereby  shearing  the  pins. 
The  pressure  then  drives  the  pistons  up- 
ward, moving  a  notch  into  place  at  each 
hook.  The  hook  swivels  into  the  notch, 
thereby  releasing  the  toggle  so  that  it  and 
the  plate  are  no  longer  held  against  the 
body.  If  one,  or  even  two,  of  the  pistons 


Toggle  , 


Pressure         Pivot  Pin 
Port        (One  ol  Three) 


LONGITUDINAL  CROSS  SECTION 
SHOWING  LOCKED  POSITION 


LONGITUDINAL  CROSS  SECTION 
SHOWING  UNLOCKED  POSITION 


TRANSVERSE  CROSS  SECTION  OF  BODY  AT 
PLANE  DEFINED  BY  AXES  OF  PIVOT  PINS 


In  the  Locked  Position,  the  pistons  are  down,  and  the  hooks  are  held  against  the  toggle.  In  the 
unlocked  position,  the  pistons  are  up.  The  notches  in  the  pistons  let  the  hook  swivel  on  the  pivot 
pins.  The  longitudinal  cross  sections  show  only  one  of  the  three  piston-and-hook  sets  in  the 
mechanism.  The  transverse  cross  section  shows  the  arrangement  of  the  three  pistons. 


does  not  operate,  the  operation  of  the  re- 
maining piston(s)  still  enables  the  toggle 
to  swivel  away  from  the  hook(s)  held  in 
place  by  the  inoperable  piston(s). 

This  work  was  done  by  Thomas  J. 
Graves  of  Johnson  Space  Center  and 
Christopher  Brown  of  Boeing  Aerospace 
Operations. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
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Servo  Reduces  Friction  in  Flexure  Bearing 

Resistive  torques  would  be  reduced. 


A  proposed  servocontrol  device  would 
reduce  such  resistive  torques  as  stiction, 
friction,  ripple,  and  cogging  in  a  flexure 
bearing  described  in  the  preceding  article. 
It  would  also  reduce  the  frictional  "bump" 
torque  that  is  encountered  when  a  bear- 
ing ball  runs  into  a  buildup  of  grease  on 
the  bearing  race.  In  addition,  it  could  be 
used  as  a  cable  follower  to  reduce  the 
torque  caused  by  a  cable  and  hoses  when 
they  bend  because  of  the  motion  of  the 
bearing. 

In  the  past,  to  overcome  friction,  design- 
ers used  larger  servos  with  control  loops 
characterized  by  band-pass  frequencies 
higher  than  warranted.  They  also  had  to 


(t)  Torquer 

^£1  Angle  Sensor 

(f)  Flexing  Element 

(q\  If  Used  as  a  Cable  Follower  To 
^  Remove  Windup  in  the  Cable 
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use  very  expensive  low-friction  bearings 
that  contained  special  grease. 

The  new  device  (see  figure)  would  in- 
clude a  torquer  across  the  ball  race.  The 
torquer  would  be  controlled  by  a  servo  that 
would  strive  to  keep  the  flexure  at  null,  thus 
removing  the  torque  to  the  outer  ring.  In 
effect,  the  device  would  be  an  inner  con- 
trol loop  that  would  reduce  friction,  but  it 
would  not  control  platforms  or  any  outer- 
control-loop  functions. 

This  work  was  done  by  W.   Dean 
Clingman  of  Boeing  Aerospace  &  Elec- 
tronics for  Langley  Research  Center. 
LAR-14349/TN 


Flexure  Bearing  Used  as  a  Cable  Follower 

would  be  equipped  with  the  servocontrol 
device  to  reduce  friction. 
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Software  for  Supervisory  and  Shared  Control  of  a  Robot 

The  operator  can  choose  various  combinations  of  manual  and  automatic  control. 


The  User-Macro-Interface  computer  pro- 
gram provides  an  interactive  interface  that 
enables  a  human  operator  to  plan  tasks 
for  a  multiple-arm  telerobot,  cause  the  ro- 
bot to  execute  the  tasks,  and  monitor  the 
robot  (see  figure).  UMI  enables  the  oper- 
ator to  specify  that  the  robot  execute  vari- 
ous tasks  and  subtasks  under  various  mix- 
tures of  manual  or  automatic  control.  As 
such,  it  is  well  suited  for  use  where  the 
environment  of  the  task  is  poorly  modeled 
or  unplanned  or  the  task  is  unexpected. 

To  explain  the  UMI  concept,  it  is  nec- 
essary to  define  the  following  specialized 
terms: 

•  Guarded  motion  —  motion  that  follows  a 
specified  nominal  trajectory  until  the  task 
is  interrupted. 

•  Compliant  motion  —  motion  that  may 
nominally  follow  a  specified  trajectory  but 
that  is  perturbed  by  sensory  feedback. 

•  Shared  control  —  control  in  which  inputs 
from  both  the  human  operator  and  an 
autonomous  control  subsystem  are 
mixed. 

•  Supervisory  control  —  control  in  which 
the  operator  specifies  the  parameters  for 
autonomous  execution  of  the  task  and 
can  stop  the  execution  at  any  time. 

•  Task  primitive  —  a  subtask  that  consists 
of  a  guarded  motion,  a  compliant  motion, 
a  grasping  motion,  or  a  teleoperation 
(which  could  be  under  manual  or  shared 
control). 

•  Execution  environment  —  those  aspects 
of  the  robotic  system,  other  equipment, 
and  workspace  that  are  relevant  to  the 
task  execution,  to  all  the  task  primitives, 
and  to  the  background  monitoring  func- 
tion and  that  are  specified  via  a  number 
of  input  parameters. 

UMI  provides  graphical  status  displays 
and  a  hierarchical  menu  that  simplifies  the 
operator's  work  by  taking  advantage  of  the 
shared-control  and  supervisory-control  fea- 
tures of  the  robotic  system.  The  operator 
interactively  sets  up  the  execution  environ- 
ment and  specifies  additional  input  param- 
eters for  a  variety  of  available  task  primi- 
tives. Several  task  primitives  can  be  stored 
as  a  task  sequence  for  later  execution.  The 
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UMI  Provides  an  In- 
teractive Interface 

that  makes  all  the  ca- 
pabilities of  a  compli- 
cated, advanced  mul- 
tiple-arm telerobot 
available  to  a  human 
operator,  but  it  does 
so  in  a  way  that  sim- 
plifies the  description 
of  robotic  tasks  and 
eases  the  operator's 
burden. 


primitives  or  sequences  can  be  simulated 
graphically  or  executed  by  the  telerobot, 
which  includes  two  task-execution  manip- 
ulator arms,  one  manipulator  arm  that  po- 
sitions cameras,  and  two  6-degree-of-free- 
dom  force-reflecting  hand  controllers  used 
in  the  shared  and  manually-controlled-tel- 
eoperation  modes  of  execution. 

In  supervisory  control,  the  operator  sets 
up  a  task  primitive  or  a  sequence  of  primi- 
tives, and  the  task  is  then  executed  au- 
tonomously. In  manually  controlled  teleop- 
eration, the  operator  specifies  desired  in- 
itialization parameters  and  controls  the 
arms  via  the  hand  controllers.  In  shared 
control,  teleoperated  inputs  from  the  hand 
controllers  are  merged  during  execution 
with  inputs  from  user-parameterized  au- 
tonomous primitives. 

In  all  modes  of  operation,  UMI  periodi- 
cally updates  a  display  of  the  status  of  ex- 
ecution and  enables  the  operator  to  stop 
execution  at  any  time. 

Safety  is  a  primary  concern  in  UMI.  Pro- 
tection against  invalid  or  dangerous  com- 
mands is  achieved  by  executing  tasks  at 
the  remote  site  by  use  of  general  but  well 
tested  task  primitives.  The  operator's  con- 
trol station  specifies  inputs  to  these  pri- 
mitives. At  the  remote  site,  the  input  param- 
eters to  the  task  primitives  are  tested  to 
be  within  bounds,  and,  as  much  as  possi- 


ble, the  behaviors  of  the  primitives  with  the 
given  input  parameters  are  determined  to 
be  safe  or  not.  If  a  behavior  is  determined 
not  to  be  safe,  an  error  signal  is  returned 
to  the  operator's  control  station  site. 

This  work  was  done  by  Paul  G.  Backes 
and  Kam  S.  Tso  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL  Refer  to 
NP0-18116/TN. 
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Three-Dimensional 
Structure  of  a  Mixing  Layer 

Quantitative  data 
show  the  evolution  of 
streamwise  (in  addition 
to  span  wise)  vortexes. 

A  report  describes  an  experimental 
study  of  the  three-dimensional  structure  of 
a  nominally  planar  two-stream  mixing 
layer.  The  main  purpose  of  the  study  was 
to  obtain  quantitative  data  on  the  evolu- 
tion of  streamwise  vortexes.  The  results 
of  this  and  related  studies  have  practical 
implications  because  turbulent  mixing 
layers  are  fundamental  to  combustion 
chambers,  chemical-flow  reactors,  and 
airfoils. 

The  experiments  were  conducted  in  a 
newly  designed  mixing-layer  wind  tunnel, 
which  consists  of  two  separate  legs  driven 
independently  by  centrifugal  blowers  con- 
nected to  variable-speed  motors.  The  two 
streams  merge  at  the  sharp  edge  of  a  split- 
ter plate  that  has  a  taper  of  about  1°.  The 
test  section  is  36  cm  wide  across  the  edge, 
91  cm  in  the  spanwise  direction  (along  the 
edge),  and  366  cm  long. 

The  leg  driven  by  the  bigger  blower  was 
operated  at  a  free-stream  velocity  in  the 
test  section  of  15  m/s  while  the  other  leg 
was  run  at  9  m/s.  The  free-stream  veloci- 
ties were  held  constant  to  within  1  percent 
during  a  typical  run  lasting  2  hours.  Under 
these  operating  conditions,  the  measured 
streamwise  turbulence  level  was  about 


0.15  percent,  and  the  transverse  levels 
were  about  0.05  percent.  The  mean  core 
flow  was  found  to  be  uniform  to  within  0.5 
percent,  and  crossflow  angles  were  less 
than  0.25°.  The  boundary  layers  on  the 
splitter  plate  were  laminar. 

Measurements  were  made  with  a  cross- 
wire  probe  held  on  a  three-dimensional 
traverse  and  linked  to  a  fully  automated 
data-acquisition-and-reduction  system 
controlled  by  a  computer.  The  cross-wire 
probe  had  5-/im  tungsten  sensing  ele- 
ments about  1  mm  long  and  positioned 
about  1  mm  apart.  The  probe  was  cali- 
brated statically  in  the  potential  core  of  the 
flow,  assuming  a  "cosine-law"  response 
to  yaw,  with  the  effective  angle  determined 
by  calibration.  The  probe  output  signals 
were  low-pass-filtered  at  30  kHz,  dc  off- 
set, amplified,  and  digitized  to  12  bits  at 
400  samples  per  second. 

Data  were  obtained  in  two  planes  by 
rotating  the  cross-wire  probe  about  its  own 
axis.  This  method  yielded  all  three  com- 
ponents of  mean  velocity,  five  independent 
components  of  the  Reynolds  stress  ten- 
sor, and  selected  products  of  higher  order. 
Measurements  were  made  at  nine  stream- 
wise  stations.  Typically,  measurements 
were  taken  at  1 ,200  points  on  a  rectangu- 
lar cross-plane  grid  at  each  streamwise 
station. 

Analysis  of  the  measurements  indicates 
that  the  streamwise  vortexes  form  from 
small  spanwise  variations  in  the  boundary 
layer  on  the  high-speed  side  of  the  split- 
ter plate.  These  variations  are  amplified  by 


the  developing  mixing  layer,  and  concen- 
trated streamwise  vortexes  are  observed 
by  the  location  of  the  first  spanwise  vortex 
roll-up.  The  streamwise  vortexes  first  ap- 
pear in  clusters,  containing  vorticity  of  both 
signs,  but  reorganize  into  a  single  row  of  al- 
ternating-sigr,  vortexes  further  downstream. 
The  spacing  between  vortexes  increases 
in  a  stepwise  fashion,  with  the  location  of 
the  steps  corresponding  to  the  estimated 
locations  of  spanwise  vortex-pairing  events. 
As  the  vortexes  travel  downstream,  they 
weaken;  peak  mean  vorticity  decreases 
as  approximately  1/X1-5,  where  X  is  the 
distance  downstream.  The  presence  of 
streamwise  vortexes  in  the  mixing  layer  is 
associated  with  peaks  in  the  secondary 
Reynolds  shear  stress,  u'w'.  Levels  of 
mean  streamwise  vorticity  and  secondary 
shear  stress  are  well  correlated  in  both 
position  and  strength.  There  is  some  in- 
direct evidence  that  the  streamwise  struc- 
tures persist  through  to  the  self-similar 
region,  although  by  this  point  they  are  very  / 
weak  and  the  mixing  layer  appears  to  be 
nominally  two-dimensional. 

This  work  was  done  by  James  H.  Bell 
and  Rabindra  D.  Mehta  of  Stanford  Univer- 
sity for  Ames  Research  Center.  Further 
information  may  be  found  in  AIAA  paper 
89A-25109,  "Three-Dimensional  Structure 
of  a  Plane  Mixing  Layer." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street,  New 
York,  New  York  10019,  Telephone  No.  (212) 
247-6500. 
ARC-12506/TN 
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Two-Phase  Hero  Turbine  With  Curved  Nozzles 

Curvatures  would  be  designed  to  minimize  separation  of  liquid  from  gas. 


A  proposed  two-phase  Hero  turbine  would  include  curved 
de  Laval  nozzles  for  increased  efficiency.  Used  in  rocket 
engines,  de  Laval  nozzles  are  converging/diverging  nozzles 
that  heretofore  have  had  axisymmetric  shapes.  Hero  turbines 
designed  with  the  new  curved  de  Laval  nozzles  could  compete 
with  rotary  separator  turbines,  which  are  two-phase  turbines 
that  have  been  used  in  geothermal  powerplants  for  several 
years.  Other  potential  applications  include  heat  pumps  and 
thermal-energy  conversion  systems. 

A  Hero  turbine  is  a  reaction  turbine  that  operates  similarly 
to  a  rotary  lawn  sprinkler.  Figure  1  illustrates  one  version  of  a 
two-phase  Hero  turbine  that  was  introduced  in  1978.  In  that  ver- 
sion, hot  water  that  was  saturated  (that  is,  in  thermodynamic  equi- 


Steam  Plus 
Drops  of  Water 


Figure  1 .  A  Prior  Hero  Turbine  included  conventional  short,  straight 
de  Lavel  nozzles,  which  are  too  short  and  abrupt  for  efficient  flashing 
of  the  water  to  steam  and  are  not  designed  to  prevent  centrifugal 
separation  of  liquid  from  vapor. 

librium  with  its  vapor),  was  pumped  into  a  rotor  along  its  hollow 
shaft,  then  flowed  radially  outward,  then  was  flashed  partly  to 
steam  through  very  short  tangential  de  Laval  nozzles.  The 
efficiency  of  the  de  Laval  nozzles  was  45  percent,  while  the 
overall  efficiency  of  the  turbine  was  33  percent. 

Stationary  de  Laval  nozzles  can  exhibit  efficiencies  of  90 
percent.  The  relatively  low  efficiency  of  the  rotating  de  Laval 
nozzles  of  the  prior  Hero  turbine  has  been  attributed  to  two 
phenomena.  One  is  severely  delayed  flashing  in  the  nozzles. 
As  the  water  travels  radially  outward  in  the  rotor,  centrifugal 
force  causes  an  increase  in  pressure,  thereby  making 
the  water  highly  subcooled.  The  flashing  of  subcooled 


Figure  2.  The  Proposed  Hero  Turbine  would  include  de  Laval 
nozzles  modified  to  a  new  curved,  longer,  more-gradually-tapered 
shape  that  would  promote  flashing  and  reduce  separation. 

liquid  through  very  short  nozzles  yields  low 
efficiency  in  most  cases  because  nuclea- 
tion  sites  do  not  have  enough  time  to  grow 
while  the  liquid  passes  quickly  through  the 
short  converging  part  of  the  nozzle. 

The  second  phenomenon  believed  to 
degrade  efficiency  is  a  direct  result  of  the 
centrifugal  acceleration  itself.  The  centri- 
fugal acceleration  amounts  to  a  lateral  ac- 
celeration with  respect  to  the  axis  of  the 
nozzles.  This  acceleration  tends  to  sep- 
arate the  liquid  from  the  vapor,  thereby 
drastically  increasing  the  slip  loss. 

The  curved  rotating  de  Laval  nozzles  of 
the  proposed  Hero  turbine  would  reduce 
the  effects  of  both  of  these  phenomena. 
To  minimize  separation,  the  curvatures 
would  be  selected  so  that  at  the  design 
operating  speed,  there  would  be  no  overall 
component  of  acceleration  lateral  to  the 
nozzle.  To  make  the  pressure  drop  gradual- 
ly so  that  gradual  flashing  could  take  place 
during  a  relatively  long  travel  time  along 
the  nozzle,  the  nozzle  would  be  made 
longer,  including  a  longer  converging  part 
starting  close  to  center  of  rotor,  and  with 
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a  less-abrupt  enlargement  at  the  throat. 

This  work  was  done  by  Gracio  Fabris 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  is  the  invention  of  a  NASA 
employee,  and  a  patent  application  has 
been  filed.  Inquiries  concerning  license  for 
its  commercial  development  may  be 
addressed  to  the  inventor,  Mr.  Gracio 
Fabris.  Refer  to  NPO-18059/TN. 
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Software  Models 
Impact  Stresses 

This  program  computes  the 
propagation  of  elastic  waves 
in  a  body  after  impact. 

The  elastic  impact  stresses  generated 
within  a  struck  body  are  of  great  concern. 
However,  the  complexity  of  the  mathe- 
matics used  to  determine  such  stresses 
makes  exact  solutions  infeasible  for  most 
engineers.  The  Generalized  Impact  Stress 
Software  was  designed  to  assist  engineers 
in  predicting  stresses  caused  by  a  variety 
of  impacts.  The  program  is  straightforward, 
is  simple  to  implement  on  personal  com- 
puters, is  "user-friendly,"  and  can  handle 
a  variety  of  boundary  conditions  applied 
to  the  struck  body  being  analyzed. 

The  program  has  been  verified  by  con- 
firming results  of  several  textbook  cases 
and  known  solutions  to  simple  problems. 
It  has  widespread  applications,  including 
the  mathematical  modeling  of  motions  and 
transient  stresses  of  a  spacecraft.  Other 
uses  include  analysis  of  the  slamming  of 
a  piston,  of  fast  valve  shutoffs,  and  of  the 
play  of  a  rotating  bearing  assembly.  This 
program  provides  a  fast  and  inexpensive 
analytical  tool  for  the  analysis  of  stresses 
and  should  reduce  dependency  on  expen- 
sive impact  tests. 

The  program  determines  the  impact 
stresses  within  a  one-dimensional  body  by 


tracking  both  the  acoustic  waves  gener- 
ated by  the  impact  and  the  reflections  and 
transmissions  of  these  waves  as  functions 
of  position  and  time.  The  impact  could  take 
place  at  one  end  or  both  ends  of  the  body. 
The  program  was  originally  conceived  to 
compute  impact  stress  of  the  liftoff  seal 
of  the  high-pressure  fuel  pump  in  the  main 
engine  of  the  Space  Shuttle.  The  program 
has  been  generalized  to  solve  a  range  of 
problems  and  can  be  applied  to  any  ob- 
ject that  could  potentially  have  a  high  im- 
pact load. 

The  program  treats  the  collision  as  pure- 
ly elastic,  enabling  analyses  for  many 
cases  in  which  permanent  deformations 
are  not  expected.  The  results  of  a  simula- 
tion could  also  be  used  to  determine 
whether  the  yield  stress  of  the  material  is 
exceeded. 

Prior  to  running  the  program,  the  struck 
body  to  be  analyzed  must  be  approximated 
as  a  series  of  one-dimensional  elements. 
Non-rigid-body  motions  of  elements  are 
taken  into  account.  Thus,  compressions 
and  tensile  forces  at  the  boundaries  of 
elements  after  impact  are  modeled  as 
functions  of  time.  The  user  must  specify 
the  boundary  conditions  and  applied  loads 
along  with  the  pressure-reflection  coeffi- 
cients for  waves  that  encounter  the  exter- 
nal boundaries  of  the  body  from  the  interior 
of  the  body  and  the  transmission  coeffi- 
cients for  waves  that  propagate  into  the 
body  from  the  outside  environment. 


After  determining  the  stresses  and  the 
velocities  of  particles  at  each  boundary 
within  the  body,  the  program  prints  the 
maximum  and  minimum  stress  calculated, 
with  the  locations  and  times  when  they  oc- 
cur. The  output  can  be  presented  by  print- 
ing stress  and  velocity  values  and  by  plot- 
ting spatial  or  temporal  dependences  of 
stresses. 

The  program  was  written  in  FORTRAN 
77  in  1989  and  has  been  verified  on  an 
IBM  PC  operating  under  MS-DOS  3.2.  It 
has  a  memory  requirement  of  270  KB.  The 
program  requires  the  use  of  the  commer- 
cial software  package  PL0T88,  available 
from  Plotworks,  Inc. 

IBM  PC  is  a  registered  trademark  of  In- 
ternational Business  Machines.  MS-DOS 
is  a  registered  trademark  of  the  Microsoft 
Corp. 

This  program  was  written  by  Timothy 
C.  Hanshaw,  Dipankar  Roy,  and  Mark 
Toyooka  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center. 
MFS-29628/TN 
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Valve-  and  Switch-Monitoring  Computer  Program 

Human  operators  are  freed  from  tedious,  repetitive  monitoring  tasks. 


A  computer  program  applies  techniques 
of  artificial  intelligence  to  monitoring  the 
positions  of  many  switches  and  valves. 
The  specific  program  was  written  to  assist 
human  flight  controllers  in  comparing  the 
actual  with  the  expected  configurations  of 
switches  and  valves  in  the  Space  Shuttle; 
the  underlying  programming  concept  is  ap- 
plicable to  such  other  complicated  systems 
as  chemical-processing  plants,  power- 
plants,  and  automated  assembly  lines.  The 
program  works  with  present  monitoring 
equipment  and  computers. 

Each  raw  position-sensor  output  is  a 
binary  signal  that  represents  the  absence 
or  the  presence  of  an  "open"  indication, 
a  "closed"  indication,  or  both.  The  binary 
signals  from  each  device  to  be  monitored 
constitute  a  16-bit  configuration  word,  and 
the  set  of  such  words  from  the  various 
parts  of  the  system  is  fed  to  the  control 
center.  The  words  are  displayed  in  hex- 
adecimal format  to  the  controllers,  who 
must  repeatedly  perform  the  tedious  and 
error-prone  task  of  observing  the  many 
valve-  and  switch-position-indicating  sig- 
nals, interpreting  those  signals  in  terms  of 
valve  and  switch  positions,  and  detecting 
valve  and  switch  configurations  that  repre- 
sent malfunctions. 

The  monitoring  program  speeds,  auto- 
mates, and  reduces  the  probability  of  er- 
ror in  this  task  and  quickly  alerts  the  con- 
trollers to  conditions  that  require  human 
intervention.  The  program  is  a  production- 
rule  classification  software  system  that 
attempts  to  generate  a  description,  in  high- 
level  semantics,  of  the  state  of  the  equip- 


ment system.  For  example,  instead  of  read- 
ing the  propositions 
p1  =  "The  manifold  1  oxidizer-open  in- 
dication is  present," 
p2  =  "The  manifold  1  fuel-open  indica- 
tion is  present," 
p3  =  "The  manifold  1  oxidizer-closed 

indication  is  not  present," 
p4  =  "The  manifold  1  fuel-closed  in- 
dication is  not  present," 
the  flight  controller  reads 

"The  manifold  1  valves  are  open." 
Better  still,  if  the  state  of  the  system  in- 
cludes the  propositions 
p5  =  "The  manifold  1  valves  are  open," 
p6  =  "The  manifold  2  valves  are  open." 
Pj  =  "The  manifold  3  valves  are  open," 
p8  =  "The  manifold  4  valves  are  open," 
p9  =  "The  manifold  5  valves  are  open," 
then  the  best  description  is 

"All  five  manifolds  are  open." 
Descriptions  presented  in  such  terms 
as  these  are  much  more  meaningful  to 
flight  controllers,  who  are  thereby  assisted 
in  maintaining  a  broader  mental  picture  of 
the  equipment  system  than  they  could  if 
they  had  to  evaluate  signals  at  the  individ- 
ual valve-position-indicator  level. 

The  final  output  of  the  program  is  a  tex- 
tual description  of  the  differences  between 
the  sets  of  actual  and  expected  position 
signals.  A  typical  output  of  this  kind  might 
be 

1 .  Expect  all  5  of  the  manifolds  to  be  open, 
but 

2.  Manifold  1  is  open, 

3.  Manifold  2  is  open, 

4.  Manifold  3  is  open, 


5.  Manifold  4  oxidizer-open  indication  is 
present, 

6.  Manifold  4  fuel-closed  indication  is 
present, 

7.  Manifold  5  is  open. 

The  program  uses  a  combination  of  pro- 
cedural and  declarative  programming 
techniques.  NASA's  C  Language  Integrat- 
ed Production  System  (CLIPS)  provides 
rule-processing  capabilities.  The  host  pro- 
gram, written  in  C,  acquires  the  necessary 
data  and  applies  a  valuation  algorithm  to 
generate  knowledge-based  propositions. 
This  algorithm  assigns  to  each  compo- 
nent-position indication  a  description  of  the 
component,  a  description  of  the  position 
indication  (eg.,  "open,"  "closed,"  "on,"  or 
"off"),  and  a  qualifier  as  to  whether  that 
position  belongs  to  the  actual  or  expected 
configuration.  When  all  necessary  proposi- 
tions have  been  generated,  the  production- 
rule  software  system  evaluates  them  and 
generalizes  the  description  of  the  state  of 
the  system  as  appropriate.  The  C  program 
then  expands  the  remaining  propositions 
into  English  sentences  for  display  to  flight 
controllers. 

This  work  was  done  by  Matthew  R. 
Barry  and  Carlyle  M.  Lowe  III  of  Rockwell 
International  Corp.  for  Johnson  Space 
Center.  MSC-21720/TN 
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Contact  Probe  With  Pivoting  Tip 

The  tip  remains  perpendicular  as  a  curved  surface  is  scanned. 


A  sensor  probe  follows  curved  contours, 
always  keeping  the  sensor  in  contact  with, 
and  perpendicular  to,  the  contoured  sur- 
face. It  is  not  necessary  to  change  the  sen- 
sor or  manipulate  the  probe  to  match  the 
orientation  of  the  surface. 

The  probe  includes  a  freely  pivoting  tip, 
which  contains  the  sensor  (see  figure).  A 
spring  holds  the  tip  in  contact  with  the  sur- 
face being  scanned.  As  the  user  moves 
the  probe  along  the  surface,  the  force  of 
contact  keeps  the  tip  oriented  along  the 
local  perpendicular  to  the  surface.  Slopes 
of  up  to  90°  from  the  axis  of  the  probe  can 
be  accommodated. 

This  work  was  done  by  Jay  M.  Amos 
and  David  A.  Raulerson  of  United  Tech- 
nologies Corp.  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28536/TN. 


Direction  of 
Travel  ol  Probe 


PROBE  IN  EARLIER  POSITION 


The  Pivoting  Tip 

keeps  the  sensor 
embedded  in  it 
oriented  properly 
with  respect  to  the 
surface  being 
scanned. 


PROBE  IN  LATER  POSITION 


George  C.  Marshall 
Space  Flight  Center 
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Officer  Ismail  Akbay 
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Leon  D.  Wofford,  Jr. 
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Digital  Image  Velocimetry 

Images  of  seeded  flows  would  be  processed  to  obtain  velocity  maps. 


Digital  image  velocimetry  is  a  proposed 
technique  for  the  production  of  velocity 
maps  from  sequences  of  photographic 
video  images  of  flows  seeded  with  small 
particles.  It  is  related  to  particle-image  and 
laser-speckle  velocimetry,  both  of  which 
involve  the  analysis  of  multiple-exposure 
photographs,  give  ambiguous  (forward  vs. 
backward)  indications  of  the  directions  of 
velocity  vectors,  and  give  indications  of  ve- 
locities only  in  relatively  restricted  dynamic 
ranges.  Digital  image  velocimetry  would 
eliminate  the  need  to  process  photographs, 
indicate  the  directions  of  velocity  vectors 
unambiguously,  and  offer  increased  dy- 
namic ranges.  Moreover,  becaure  all  proc- 
essing could  be  performed  electronically, 
digital  image  velocimetry  may  eventually 
be  capable  of  mapping  flow-velocity  fields 
in  real  time. 

In  digital  image  velocimetry,  the  single- 
exposure  film  or  video  images  would  be 
digitized,  enhanced,  and  superimposed  to 
construct  a  composite  image  field.  There 
would  be  a  subtle  but  important  difference 
between  this  image  field  and  a  multiple- 
exposure  photograph,  particularly  where 
high  concentrations  of  seed  particles  or 
low  velocities  give  rise  to  overlapping  im- 
age elements  of  particles  from  different  ex- 
posures. On  a  multiple-exposure  photo- 
graph, the  intensity  in  the  overlap  regions 
may  not  differ  from  that  in  the  nonoverlap 


Overlapping  of  Fea- 
tures in  two  consecu- 
tive image  frames 
give  rise  to  little  or  no 
change  in  intensity  on 
a  conventional  mul- 
tiple-exposure photo- 
graph. But  in  digital 
image  velocimetry, 
the  intensities  of  cor- 
responding positions 
would  be  summed 
algebraically. 
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regions,  but  in  the  digitally  superimposed 
image,  the  intensity  in  the  overlaps  would 
be  the  sum  of  the  intensities  in  the  cor- 
responding positions  in  the  individual  ex- 
posures (see  figure).  This  feature  preserves 
the  correlation  between  the  image  ele- 
ments of  the  same  particles. 

In  digital  image  velocimetry,  the  image 
would  be  analyzed  by  digital  Fourier  trans- 
formation. This  process  would  be  free  of 
noise.  In  comparison  with  optical  Fourier 
transformation,  which  is.  used  in  laser-speck- 
le and  particle-image  velocimetry,  it  would 
be  more  precise  and  would  consume  less 
time. 

Another  important  advantage  of  digital 


*3 


image  velocimetry  would  be  that  the 
phases  of  the  fringes  in  the  Fourier  trans- 
forms of  the  multiple-exposure  images 
could  be  retrieved.  This  is  a  consequence 
of  the  availability  of  the  single-exposure  im- 
ages and  the  use  of  digital  Fourier  transfor- 
mation. The  phase  information  would  be 
used  in  conjunction  with  information  on  the 
separations  between  fringes  to  determine 
the  directions  of  the  velocity  vectors.  The 
magnitudes  of  the  velocity  vectors  would 
be  determined  from  the  separations  alone. 
7irw's  work  was  done  by  Y.C.  Cho  of 
Ames  Research  Center. 
ARC-12474/TN 
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Improved  Ultrasonic  Transducer  for  Measuring  Cryogenic  Flow 

Slanted  surfaces  reduce  ringing. 


An  improved  ultrasonic  transducer  is 
used  to  measure  the  flow  of  a  cryogenic 
fluid.  Like  a  previous  ultrasonic-flowmeter 
transducer  designed  for  the  same  applica- 
tion, this  one  includes  a  wedge  that  is 
made  nonintrusive  by  machining  it  out  of 
the  bulk  material  of  the  duct  that  carries 
the  fluid.  Unlike  the  previous  wedge,  this 
wedge  has  no  parallel  surfaces. 

The  parallel  surfaces  of  the  previous 
wedge  supported  ringing,  which  is  undesir- 
able because  it  reduces  the  accuracy  of 
the  measurement  of  the  flow.  The  skewed 
surfaces  of  the  improved  wedge  (see  fig- 
ure) suppress  standing  waves,  thus  reduc- 
ing ringing  and  increasing  the  signal-to- 
noise  ratio.  This  increases  the  accuracy 
of  measurements  of  times  of  arrival  of  ul- 
trasonic pulses,  from  which  times  the  flow 
is  inferred. 

This  work  was  done  by  Sarkis 
Barkhoudarian  of  Rockwell  International 
Corp.  for  Marshall  Space  Flight  Center. 
MFS-29687/TN 


10-32  UNF  Thread 
Hole,  3/16  Deep 


SIDE  VIEW 


END  VIEW 


0.75 


TOP  VIEW 

Notes: 

1.  Linear  dimensions  (except  surface  finishes)  are  in  inches. 

2.  Surface  finishes  are  specified  in  microinches  of  arithmetic-average 
roughness  height. 


Nonparallel  Surfaces  of  the  improved  transducer  wedge  suppress  standing  waves  to 
increase  the  signal-to-noise  ratio. 
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Layered  Plating  Specimens  for  Mechanical  Tests 

Grips  are  augmented  with  material  that  can  be  plated  more  easily. 


Layered  specimens  that  include  diffi- 
cult-to-plate  metals  can  be  readily  made 
in  standard  sizes  for  tensile  and  other  tests 
of  mechanical  properties.  Specimens  in 
standard  sizes  are  necessary  for  high  con- 
fidence in  the  results  of  the  tests. 

Typically,  a  specimen  of  standard  size 
includes  a  middle  gauge  section  of  speci- 
fied thickness  and  end  gripping  sections 
of  greater  thickness  (see  figure).  Before 
layered  specimens  were  conceived,  it  was 
difficult  or  impossible  to  fabricate  standard- 
size  specimens  of  difficult-to-plate  metals. 


Either  tests  could  not  be  performed,  or  else 
tests  were  performed  on  substandard  spec- 
imens, with  consequent  low  confidence  in 
the  results. 

The  fabrication  of  a  layered  specimen 
begins  with  the  plating  of  a  high-quality  flat 
layer  slightly  thicker  than  standard  (or  a 
rod  of  diameter  slightly  greater  than  stand- 
ard) of  the  material  to  be  tested.  Next,  the 
thickness  of  the  specimen  is  augmented 
by  adding  an  easier-to-plate  outer  layer  on 
a  rod  (or  outer  layers  on  both  sides  of  a 
flat  specimen)  of  either  a  different  metal 


A  Standard  Specimen 

of  a  metal  ordinarily  diffi- 
cult to  plate  to  the  stan- 
dard grip  thickness  or  di- 
ameter can  be  made  by 
augmentation  with  an 
easier-to-plate  material 
followed  by  machining  to 
standard  size  and  shape. 


Gauge  Thickness 
or  Diameter 


Grip  Thickness 
or  Diameter 

1 


DESIRED  STANDARD  SPECIMEN  (DIFFICULT  TO 
MAKE  IN  THE  PLATED  TEST  MATERIAL) 


Outline  of  Standard 

Specimen  To  Be 

Machined 


Additional 

Plated  Material 

To  Build 

Thickness 


PLATED  LAYERS  FOR  MAKING  LAYERED  SPECIMEN 


LAYERED  SPECIMEN 


or  else  the  same  metal  but  of  lower  quali- 
ty. The  thickness  of  the  outer  layer(s)  must 
be  sufficient  to  bring  the  total  thickness 
up  to  at  least  the  standard  thickness  of  the 
gripping  sections. 

The  outer  layer(s)  is  (are)  machined 
away  from  the  ends  down  to  the  standard 
grip  thickness  or  diameter.  The  outer  lay- 
ers) and  a  small  amount  of  the  inner  layer 
are  machined  away  in  the  middle  down 
to  the  specified  thickness  or  diameter  of 
the  gauge  section.  The  result  is  a  speci- 
men of  standard  size  containing  only  the 
difficult-to-plate  material  to  be  tested  in  the 
gauge  section. 

This  work  was  done  by  Linda  B. 
Thompson  and  Cecil  E.  Flowers  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-29718/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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fWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Magnetic-Bearing  Test  Fixture 


A  microcomputer-controlled  fixture  measures  bearing  gaps,  magnetic  fluxes,  and  forces. 


A  microcomputer-controlled  magnetic- 
bearing  test  fixture,  which  can  be  used  to 
develop  approaches  to  the  design  of  con- 
trols for  magnetic  bearing  actuators,  has 
been  designed  and  constructed.  The  fix- 
ture is  configured  for  bearing  elements 
similar  to  those  used  in  a  laboratory  test 
model  of  an  annular-momentum-control 
device  (AMCD).  The  basic  AMCD  concept 
is  that  of  a  rotating  annular  rim  suspend- 
ed by  a  minimum  of  three  magnetic-bear- 
ing suspension  stations  and  driven  by  a 
noncontact  electromagnetic  spin  motor. 

The  fixture  (see  figure)  includes  load 
cells  mounted  on  a  bar  that  is  connected, 
through  screw  positioners,  to  geared  dc 
drive  motors.  The  equivalent  suspended 
element  can  be  set  at  any  desired  vertical 
position  in  the  gap  of  the  magnetic  bear- 
ing by  controlling  these  motors.  The  out- 


puts of  position  sensors  are  used  as  feed- 
back signals  to  control  the  drive  motors. 
The  position  of  the  equivalent  suspended 
element  can  be  sensed  by  the  position 
sensors  at  either  end  of  the  bar  and  can 
be  independently  controlled  by  the  drive 
motors.  The  magnetic  bearing  elements 
contain  no  permanent-magnet  material 
and  include  SAE  1010  soft  steel  as  core 
material.  To  measure  magnetic  flux  in  the 
bearing  gaps,  a  linear  Hall-effect  sensor 
was  mounted  on  the  pole  face  of  each  ele- 
ment. These  sensors  are  covered  by  brass 
plates  for  protection. 

The  load  cells  are  bending  beams  in- 
strumented with  strain  gauges.  The  out- 
put of  a  bridge  is  a  voltage  proportional 
to  the  load  applied  to  the  beam.  Each  load 
cell  has  a  load  range  of  ±10  lb  (±44.48 
N)  and  a  nominal  scale  factor  of  ±0.2 


mV/lb-V  (±0.45  mV/N-V).  Because  the 
scale  factor  and  offset  differ  from  cell  to 
cell  and  vary  with  changes  in  test  config- 
uration, power-supply  voltage,  and  tem- 
perature, software  was  developed  to  cali- 
brate the  system  periodically.  Calibration 
is  accomplished  by  removing  the  load-cell/ 
suspended-element  assembly  and  apply- 
ing a  sequence  of  known  loads.  A  first- 
order,  least-squares  curve  fit  is  applied  to 
the  data  to  obtain  voltage-vs.-force  coeffi- 
cients. The  test  fixture  is  designed  to  facil- 
itate easy  removal  and  replacement  of  the 
load-cell/suspended-element  assembly. 

The  major  components  of  the  measure- 
ment and  control  system  include  a  porta- 
ble microcomputer  subsystem,  an  analog 
interface,  the  motor-power  driver,  and  the 
magnetic-bearing  element  power  driver.  The 
microcomputer  includes  a  6510  8-bit  mi- 


dc  Drive  Motors 


The  Magnetic-Bearing  Test  Fixture  includes  load  cells  connected  to  a  bar,  which,  in  turn,  is  connected  through  screw  positioners 
to  geared  drive  motors.  The  position  of  the  equivalent  suspended  element  is  sensed  by  the  position  sensors  and  controlled  by 
the  drive  motors. 
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croprocessor  and  is  programmable  in  Basic 
and  Assembly  languages.  All  programs  for 
this  device  were  written  in  Basic,  with 
some  of  the  analog  input/output  subrou- 
tines compiled  into  machine  language  and 
called  from  the  main  Basic  program.  The 
analog  interface  subsystem  provides  eight 
multiplexed  analog-to-digital  input  chan- 
nels and  one  digital-to-analog  output  chan- 
nel. These  include  sensor,  load-cell,  and 
Hall-effect-device  inputs.  The  output  chan- 
nel supplies  the  command  for  the  bearing- 
power  drivers. 


This  fixture  can  provide  control  of  the 
gap  in  the  magnetic  bearing  and  of  the 
current  in  the  electromagnet  coil.  Meas- 
urements that  can  be  made  include  mag- 
netic-bearing gaps,  magnetic  flux  in  the 
bearing  gaps,  and  bearing  forces.  Although 
the  test  fixture  is  configured  for  bearing 
elements  similar  to  those  used  in  a  lab- 
oratory test  model  AMCD,  the  approaches 
to  linearization  and  control  that  can  be  de- 
veloped by  use  of  the  fixture  should  be  ap- 
plicable to  a  wide  range  of  small-gap  sus- 
pension systems. 


This  work  was  done  by  Nelson  J.  Groom 
and  William  L  Poole  of  Langley  Research 
Center.  Further  information  may  be  found 
in  NASA  TM-890S1  [N87-20478],  "Descrip- 
tion of  a  Magnetic  Bearing  Test  Fixture." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  Infor- 
mation Service,  Springfield,  Virginia  22161, 
Telephone  No.  (703)  487-4650.  Rush  orders 
may  be  placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LAR-14312/TN 
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«r  EPA      Project  Summary 

Development  of  Risk  Assessment  Methodology  for 
Municipal  Sludge  Incineration 


This  is  one  of  a  series  of  reports  that 
present  methodologies  for  assessing 
the  potential  risks  to  humans  or  other 
organisms  from  management  practices 
for  the  disposal  or  reuse  of  municipal 
sewage  sludge.  The  management  prac- 
tices addressed  by  this  series  Include 
land  application  practices,  distribution 
and  marketing  programs,  landfilling,  in- 
cineration and  ocean  disposal.  In  par- 
ticular, these  reports  deal  with  meth- 
ods for  evaluating  potential  health  and 
environmental  risks  from  toxic  chemi- 
cals that  may  be  present  In  sludge. 
This  document  addresses  risks  from 
chemicals  associated  with  sludge  in- 
cineration practices. 

These  proposed  risk  assessment  pro- 
cedures are  designed  as  tools  to  assist 
in  the  development  of  regulations  for 
sludge  management  practices.  The  pro- 
cedures are  structured  to  allow  calcu- 
lation of  technical  criteria  for  sludge 
disposal/reuse  options  based  on  the 
potential  for  adverse  health  or  environ- 
mental impacts.  The  criteria  may  ad- 
dress management  practices  (such  as 
site  design  or  process  control  specifi- 
cations), limits  on  sludge  disposal  rates 
or  limits  on  toxic  chemical  concentra- 
tions In  the  sludge. 

This  Project  Summary  was  developed 
by  EPA' a  Environmental  Criteria  and 
Assessment  Office,  Cincinnati,  OH,  to 
announce  key  findings  of  the  research 
project  that  Is  fully  documented  In  a 
separate  report  of  the  same  title  (see 
Project  Report  ordering  Information  at 
back). 

Introduction 

Sludge  incineration  involves  the  com- 
bustion of  sludge  within  a  mechanically 
controlled  environment.  Incineration  is  a 
treatment  method  used  before  disposal  or 
reuse  of  the  ash.  Because  incineration 
drastically  reduces  the  volume  and  mass 
of  sludge,  it  has  been  traditionally  consid- 
ered a  disposal  method  similar  to  landfilling 
and  ocean  dumping.  Land  applications  (in- 
cluding distribution  and  marketing  of 
sludge)  are  considered  use  options,  since 
in  these  cases  beneficial  properties  of 
sludge  are  utilized. 

Currently,  only  three  types  of  incinera- 
tion technology  are  employed  for  dedi- 


cated sludge  combustion   in  the  United 
States: 

1.  Multiple-hearth  furnace  (MHF); 

2.  Fluidized-bed  (FB)  furnace;  and 

3.  Infrared  electric  furnace. 

Uniform  feed  of  sludge  is  critical  to  the 
satisfactory  operation  of  incineration  sys- 
tems. Realization  of  uniform  feed  requires 
good  control  of  sludge  thickening,  blend- 
ing, sludge  age  control  and  pumping  be- 
fore dewatering.  If  these  tasks  are  man- 
aged and  maintained  properly  and  the  de- 
watering  equipment  is  operated  correctly, 
the  output  of  the  dewatering  equipment 
will  be  uniform.  A  variation  of  ±10%  of  the 
selected  feed  rate  over  8  hours  is  accept- 
able. Uniform  feed  assures  stable  opera- 
tion and  prevents  upsets  that  could  lead 
to  excessive  emissions. 

Virtually  all  incinerators  currently  oper- 
ating in  the  United  States  are  equipped 
with  wet  scrubbers  for  emission  control. 
The  wide  variety  of  wet  scrubbers  in  use 
includes  fixed  and  variable-throat  Venturi 
impingement  plates  and  cyclonic  scrub- 
bers. Most  sludge  incinerators,  particu- 
larly those  built  in  the  last  10  years,  are 
equipped  with  variable-throat  Venturi 
scrubber  units  and  an  impingement 
subcooling  tray  separator.  Over  70%  of 
the  incinerators  installed  since  1978  are 
equipped  with  combination  Venturi/im- 
pingement  tray  scrubbers. 


Identification  of  Key  Pathways 

The  air  emissions,  ash  residue  (wet  or 
dry)  and  scrubber  water  represent  the 
major  pathways  by  which  pollutants  enter 
the  environment  and  potentially  affect  hu- 
man health.  The  air  emissions  pathway 
begins  with  the  particulate  and  gaseous 
emissions  generated  by  the  combustion 
process.  These  emissions  pass  through  a 
wet  scrubbing  air  pollution  control  system 
that  reduces  the  particulate  and  gaseous 
pollutant  concentrations  in  the  exhaust  gas. 
There  are  several  regulatory  programs  that 
exercise  control  over  air  pollutants  emit- 
ted from  sludge  incineration  processes. 

Municipal  sludge  incineration  in  well- 
operated  facilities  produces  an  odorless 
ash  weighing  between  30  and  60%  of  the 
weight  of  the  original  sludge  on  a  dry 
basis.    Municipal  wastewater  plants  in  the 
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United  States  generate  about  72  million 
dry  tons  of  sludge  each  year.  Approxi- 
mately 2  million  tons  of  this  are  inciner- 
ated, resulting  in  approximately  700,000 
tons  of  ash  that  must  finally  be  disposed 
of  in  an  environmentally  compatible  man- 
ner. 

The  scrubber  water  is  usually  treated 
separately  by  flocculation  and  sedimenta- 
tion to  reduce  its  solids  content.  Residue 
produced  during  scrubber  water  treatment 
may  be  dewatered  and  disposed  of  with 
the  incinerator  ash.  Treated  scrubber  wa- 
ter effluent  after  solids  removal  is  almost 
universally  recycled  back  through  the 
wastewater  treatment  plant  influent. 

Overview  of  Method 

The  greatest  concern  associated  with 
air  emissions  from  incinerators  is  the  po- 
tential public  hearth  risk  associated  with 
the  inhalation  of  airborne  gases  and  par- 
ticles. Certain  emitted  contaminants  are 
suspected  human  carcinogens,  and  oth- 
ers can  exert  other  acute  or  chronic  ef- 
fects. Thus,  incinerator  air  emissions  are 
selected  as  the  critical  pathway  in  evalu- 
ating the  human  hearth  risk  from  the  sludge 
incineration  process. 

The  resulting  methodology  was  devel- 
oped considering  the  following: 

1.  Identify  the  numan  hearth  and  envi- 
ronmental impacts  and  exposures  consid- 
ered acceptable. 

2.  Define  the  human  population  exposed 
to  the  ground  level  ambient  concentra- 
tions for  representative  facilities. 

3.  Define,  for  the  air  exposure  route, 
the  maximum  allowable  daily  and  annual 
ground  level  concentrations  of  the  pollut- 
ants of  concern  that  will  satisfy  the  health 
and  exposure  criteria  in  Step  1. 

4.  Define  the  stack  modeling  character- 
istics, such  as  stack  height,  exit  diameter, 
gas  flow,  gas  temperature,  and  meteorol- 
ogy for  selected  model  plants. 

5.  Select  the  appropriate  air  dispersion 
model(s)  for  the  models/plants  and  calcu- 
late the  emission  rates  associated  with 
the  acceptable  ambient  concentrations. 


approach;   the   human   exposure   model 
(HEM)  assesses  aggregate  risk. 

The  U.S.  EPA's  Office  of  Air  Quality 
Planning  and  Standards'  Pollutant  Assess- 
ment Branch  has  developed  a  human  ex- 
posure model.  The  impact  parameters 
(exposure,  hazard  and  risk)  are  the  basis 
of  the  HEM  computations  of  the  individual 
and  community  health  effects  resulting 
from  the  emissions  of  chemical  species. 
These  concepts  are  defined  as  follows: 

Population  —  The  number  of  persons 
in  contact  with  the  concentration. 

Exposure  —  The  population  multiplied 
by  the  concentration. 

Carcinogenic  Potency  —  This  param- 
eter is  quantified  by  the  unit  risk  factor, 
the  probability  of  developing  cancer  due 
to  continuous  exposure  to  1  u.g/m3  of  the 
species  over  a  70-year  lifetime. 

Hazard  —  Concentration  multiplied  by 
the  unit  risk  factor 

Risk  —  Exposure  multiplied  by  the  unit 
risk  factor. 

The  human  exposure  model  uses  a 
finely  detailed  national  census  data  base 
to  compute  the  impact  parameters  of  ex- 
posure and  dose.  The  resulting  risk  pat- 
terns are  dependent  not  only  on  concen- 
tration but  also  on  population  patterns. 

The  degree  of  contaminant  exposure  to 
individuals  residing  in  an  area  where  emis- 
sions from  a  municipal  sludge  incinerator 
exist  depends  upon  the  following:  the  du- 
ration of  exposure;  the  volume  of  air  in- 
haled; the  particle  size  distribution  for  in- 
cinerator emissions;  the  annual  average 
contaminant  concentrations;  and  the  num- 
ber of  people  exposed. 

The  most  exposed  individual  (MEI)  is 
assumed  to  reside  in  the  area  of  the  maxi- 
mum annual  ground  level  concentration 
and  is  exposed  24  hours  z  day.  The 
incinerator(s)  will  be  assumed  to  be  op- 
erational for  the  life  of  the  individual  (70 
years)  and  to  be  operating  100%  of  the 
time.  The  70-year  exposure  is  a  valid 
estimate  since  sludge  incinerators  are  ex- 
pected to  be  operational  indefinitely.  A 
reference  air  concentration  (RAC)  is  cal- 
culated as  the  maximum  concentration  that 
the  MEI  will  be  permitted  to  be  exposed  to 
for  any  particular  contaminant. 


( 


6.  Calculate  allowable  sludge  concen- 
trations and  mass  loadings  for  the  pollut- 
ants of  concern. 

Exposure  and  Assessment  of 
Health  Effects 

Two  approaches  for  exposure  hearth 
assessment  may  be  performed  by  this 
methodology:  an  aggregate  risk  approach 
and  the  most   exposed   individual   (MEI) 


Norm  Kowal  is  the  EPA  Project  Officer  (see  below). 

The  complete  report,  entitled  'Development  of  Risk  Assessment  Methodology  for 
Municipal  Sludge  Incineration,' (Order  No.  PB91-  2281 14/AS;  Cost:  $23.00.  subject 
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«r  EPA      Project  Summary 

Wetlands  Detection  Methods  Investigation 


Introduction 

The  purpose  of  this  report  is  to  present 
an  overview  of  wetlands  mapping  proce- 
dures, emphasizing  the  role  of  satellite 
and  aircraft  imagery  and  their  interpreta- 
tion; field  verification;  and  compilation  of 
all  these  data.  The  procedures  for  map- 
ping changes  in  the  extent  and  types  of 
wetlands  is  generally  based  on  a  com- 
parison of  earlier  (historical)  remote  sens- 
ing imagery  to  recenl  imagery. 

The  detail,  accuracy,  and  precision  of 
the  mapping  depends  on  what  results  are 
desired  from  the  final  report;  the  availabil- 
ity of  the  necessary  remote  sensing  data; 
the  technical  personnel  and  equipment  on 
hand;  and  the  specific  budget  for  the 
project. 

Wetlands  are  difficult  to  map  because 
of  (1 )  water  level  fluctuations,  (2)  the  many 
differing  types  of  wetland  settings,  (3)  the 
difficulties  of  ground  travel  in  placing  geo- 
graphic control  point  markers  in  this  soggy 
terrain,  and  (4)  the  changes  in  the  bound- 
aries of  wetlands  types  caused  by  varia- 
tions in  the  hydrologic  cycle  with  its  sea- 
sonal, annual,  and  long-term  fluctuations. 
Furthermore,  other  changes  may  have 
been  coated  by  anthropogenic  factors, 
such  as  encroaching  urban  and  agricul- 
tural developments;  by  stream  channel  al- 
terations; and  drainage  and  damming  con- 
structions. 

To  avoid  the  problems  associated  with 
seasonal  changes  in  wetland  boundaries, 
both  the  remote  sensing  data  and  the 
field  verification  data  should  be  collected 
at  the  same  time  of  the  year  so  that  the 
same  boundaries  will  be  in  the  same  geo- 
graphical positions. 

Procedures 

The  major  part  of  mapping  the  wetlands 
is  generally  done  through  the  interpreta- 
tion of  remote  sensing  imagery.  This  is 
considered  here  to  be  the  satellite  imag- 
ery, airborne  radar  imagery,  airborne  multi- 
spectral  digital  imagery,  vertical  overlap- 
ping aerial  photographs  (black  and  white, 
color,  and  color  infrared  [CIR]),  and  to  a 
minor  extent  color  photographs  (in  hand- 
held cameras)  and  video  tapes  taken  from 
aircraft. 

Satellite  imagery  has  a  small  scale,  and 
generally  cannot  be  viewed  stereoscopi- 
cally.  This  contrasts  with  aerial  photo- 
graphs which  have  a  much  larger  scale, 
ranging  normally  from  about  1:10,000  to 


1:58,000,  and  which  can  be  viewed  ste- 
reoscopically. 

The  larger  scale  of  the  aerial  photo- 
graphs with  its  smaller  mapping  units  of 
wetlands  cannot  be  correlated  directly  with 
the  larger  units  of  the  satellite  imagery. 
This  problem  can  be  largely  overcome  by 
combining  the  smaller  units  (from  the  aerial 
photographs)  until  they  correspond  to  the 
larger  units  of  the  satellite  imagery.  This 
correspondence  has  been  as  high  as  90 
percent  in  some  studies. 

Several  different  types  of  satellite  imag- 
ery are  available:  the  MSS  (Multispectral 
Scanner)  has  four  spectral  bands:  visible 
green,  visible  red,  and  two  reflectance  in- 
frared bands  having  about  an  80-meter 
ground  resolution. 

The  TM  (Thematic  Mapper)  satellite  has 
six  spectral  bands  with  a  30-meter  resolu- 
tion, and  a  thermal  infrared  band  with  a 
120-meter  resolution.  Both  these  satel- 
lites are  in  polar  orbits  and  can  collect 
spectral  information  every  16  days  over 
the  same  surface  area. 

TM  is  better  suited  for  wetlands  map- 
ping than  the  MSS  because  of  better  spa- 
tial resolution  (30  m),  seven  narrower  spec- 
tral bands  sensitive  to  differences  in  spec- 
tral reflectance  of  vegetation,  and  a  higher 
level  of  quantization  (i.e.,  digital  numbers 
forTM  =  256,  for  MSS  =  128). 

SPOT  satellite  imagery  (a  French  satel- 
lite) has  a  10-meter  black  and  white  reso- 
lution, and  a  20-meter  resolution  for  three- 
band  multispectral  images;  this  is  a  finer 
resolution  than  the  LANDSAT  MSS  and 
TM  images,  but  it  has  a  fewer  spectral 
bands  and  a  smaller  areal  coverage.  This 
satellite  can  be  oriented  during  its  orbit  so 
as  to  produce  stereoscopic  coverage;  it 
has  a  repeat  cycle  of  26  days.  SPOT 
data  can  be  integrated  with  LANDSAT  TM 
data  to  provide  a  composite  view,  up- 
graded by  the  finer  spatial  features  of 
SPOT  and  the  finer  spectral  resolution  of 
TM. 

One  advantage  of  satellite  imagery  is 
color  enhancement  of  scenes  to  empha- 
size certain  features  of  the  landscape,  such 
as  different  types  or  stages  of  vegetation, 
etc;  this  procedure  is  useful  in  wetlands 
interpretation.  Conversely,  the  stereo- 
scopic exaggerated  relief  (normally  about 
three  or  four  times)  observed  in  the  stereo 
images  of  the  normal  aerial  photographs 
can  help  to  delineate  the  low-lying  areas 
of  wetlands. 
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Many  series  of  aerial  photographs  are 
available  for  most  areas  in  the  States. 
Typical  scales  normally  range  from  around 
1:10,000  to  1:58,000.  An  ongoing  pro- 
gram by  the  USGS  will  cover  the  entire 
United  States  with  small-scale  CIR 
1:58,000  aerial  photography.  The  CIR 
photography  seems  to  be  the  preferred 
type  for  most  landscape  characterization 
(which  includes  wetlands  mapping). 

The  above  indicates  the  many  options 
in  remote  sensing  imagery  available,  and 
the  planning  necessary  to  select  the  most 
advantageous  imagery  for  primary  baseline 
mapping.  To  map  the  changes  over  time 
in  wetland  areas,  historical  aerial  photo- 
graphs are  generally  used;  these  can  ex- 
tend back  as  much  as  50  years.  A  series 
of  these  older  photographs  can  show  the 
development  and  trend  of  the  present  sta- 
tus of  the  wetlands  now  being  mapped. 

Side-looking  radar  is  little  used  for  wet- 
lands mapping  but  has  been  successful. 
Video  imagery  has  been  little  used,  its 
resolution  less  than  aerial  photography. 
Further  work  on  optimizing  spectral  bands 
must  be  done  before  video  can  be  used 
as  an  additional  data  source. 

Previous  Mapping 

Previous  mapping  of  wetlands  provides 
information  on  any  later  changes  in  the 
character  of  the  wetlands.  However,  three 
serious  problems  in  integrating  previous 
wetlands  data  into  current  mapping  are: 

1)  The  classifications  can  be  based  on 
different  criteria  so  that  the  units 
mapped  previously  are  not  the  same 
as  those  being  mapped  for  the 
present  project. 

2)  The  areal  precision  of  ground  con- 
trol points  predating  Global  Position- 
ing Systems  (GPS)  is  usually  poor 
for  correlating  any  specific  feature, 
point,  or  contact  with  later  mapping. 
Compilation  of  such  data  is  not  fea- 
sible in  many  cases. 

3)  The  differences  in  scales  between 
the  previous  mapping  and  later  map- 
ping may  make  correlations  difficult 
if  not  impossible;  this  may  also  con- 
trol the  differences  in  the  ground  or 
spectral  criteria  included  in  the  vari- 
ous wetlands  classifications. 

Field  Verification 

Until  recently,  the  problem  of  locating 
field  geographic  control  points  exactly  has 
been  a  major  problem.  The  seasonal  or 
annual  changes  in  this  water-dominated 
environment,  plus  even  changes  by  indi- 
vidual storms  and  the  general  thick  veg- 
etation cover,  together  with  the  difficulties 
of  field  personnel  movement  within  the 
wetlands,  can  prevent  the  establishment 
of  adequate  recognizable  control  points. 

The  one  outstanding  technical  develop- 
ment which  apparently  overcomes  much 


of  this  problem  is  the  development  of  GPS 
developed  by  the  US  military. 

Geographic  Information  System 

The  Geographic  Information  System 
(GIS)  is  distinguished  from  other  data  man- 
agement systems  by  its  ability  to  perform 
spatial  analyses  with  multiple  levels  of  data 
in  a  selected  geographic  area.  The  GIS 
is  a  convenient  and  organized  method  for 
analysis  of  wetlands  and  allows  for  a  co- 
hesive database  into  which  additional  in- 
formation can  be  incorporated  and  refine- 
ments made. 

Computerized  GISs  are  widely  utilized 
to  store,  query,  retrieve,  display,  and  man- 
age large  amounts  of  digital  data  as- 
sembled from  many  sources.  The  ability 
to  geometrically  transform  and  integrate 
multiple  data  types  is  very  important  when 
accounting  for  differences  in  scale,  map 
projections,  spatial  resolutions,  and  carto- 
graphic coordinate  systems. 

Both  the  raster  and  vector  systems  are 
used  in  the  GIS.  For  example,  geometric 
or  overlay  (point)  operations  are  easier  to 
perform  in  the  raster  domain  whereas  net- 
work analysis  or  topologic  operations  are 
more  suited  to  the  vector  domain.  This 
raster  system  has  stair-stepped  lines,  but 
its  data  are  compatible  with  satellite  imag- 
ery. 

Results  and  Discussion 

The  latest  technology  operated  by  ex- 
perts is  the  key  to  successful  wetlands 
mapping.  A  combination  of  GPS,  GIS, 
the  advancing  computer  technology  with 
its  increasing  capacity  for  data  storage 
and  speed  of  retrieval,  and  the  advanced 
features  of  remote  sensing  have  made 
the  resulting  precise  cartographic  compi- 
lations possible. 

Conclusions  and 
Recommendations 

A  successful  project  requires  the  input 
from  experienced  natural  resource  man- 
agers; the  best  selection  of  available  re- 
mote sensing  imagery;  the  maximum  use 
of  the  high  technology  of  computers,  GPS, 
and  GIS;  the  selection  of  the  season  of 
the  year  when  the  vegetation  and  water 
levels  best  define  the  wetland  mapping 
units;  and  a  well-planned  ground  Verifica- 
tion phase. 


( 


( 


K.  H.  Lee  is  with  Lockheed  Engineering  and  Sciences  Company,  Las  Vegas,  NV 
89119. 

ft  S.  Lunetla    is  the  EPA  Project  Officer  (see  below). 

The  complete  report,  entitled  "Wetlands  Detection  Methods  Investigation,  ~  (Order 
No.  PB91-217380/AS;  Cost:$17.00,  subject  to  change)  will  be  available  only 
from: 

National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  VA  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Environmental  Monitoring  Systems  Laboratory 
U.S.  Environmental  Protection  Agency 
Las  Vegas,  NV  89193-3478 
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Tools 


0189  Composite  Pumps  Used  on  Shipboard 

0190  Fit-Up  of  Composites  in  Manufacturing 

0191  Electroslag  Cladding  of  Main  Propulsion  Shafting 

0192  Formation  of  the  CALS  RIC 

0193  Automatic  Control  of  Length  of  Welding  Arc — Nonlinear  relationships 
among  current,  voltage,  and  length  would  be  stored  in  electronic 
memory. 

0194  Crack-Free,  Nondistorting  Can  for  Hot  Isostatic  Pressing — Outgassing 
and  warping  are  reduced.  (Licensing  Opportunity) 

01 95  Jointed  Holder  for  Welding  Electrodes— A  custom-bent  electrode 
becomes  unnecessary  (Licensing  Opportunity) 

0196  Filament  Winding  of  Carbon/Carbon  Structures — An  improved  technique 
has  potential  for  automation.  (Licensing  Opportunity) 

0197  Heavy-Workpiece  Handler  for  Vacuum  Plasma  Spraying — Massive  parts 
are  manipulated  for  uniform  coating.  (Licensing  Opportunity) 

0198  Lockwasher  Strongly  Resists  Disassembly — Tabs  engage  slots  in  pawl- 
and-ratchet  fashion.  (Licensing  Opportunity) 

0199  Ruling  Blazed,  Aberration-  Corrected  Diffraction  Gratings— Advantages 
of  holographic  and  ruled  gratings  are  combined.  (Licensing  Opportunity) 

0200  Predicted  Heat-Sink  Effects  (Licensing  Opportunity) 

0201  Uniform-Dead-Weight  Brazing — Uniformly  distributed  weight  increases 
yield  and  reduces  costs. 


Other  Items  of  Interest 

0177    Software  for  Supervisory  and  Shared  Control  of  a  Robot — The  operator 
can  choose  various  combinations  of  manual  and  automatic  control. 
(Licensing  Opportunity) 
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Composite  Pumps  Used  on  Shipboard 


The  David  Taylor  Research 
Center  (DTRC),  Annapolis, 
Maryland,  is  conducting  an  effort 
to  develop  a  family  of  corrosion- 
free  and  erosion-resistant  centrifu- 
gal pumps  made  from  polymer- 
matrix  and  fiber-reinforced  com- 
posite material  for  shipboard  use. 
The  effort  to  develop  Navy  stan- 
dard composite  pumps  began  with 
a  survey  to  determine  the  potential 
impact  composite  pumps  could 
have  within  the  Fleet.  The  study 
determined  that  the  reduction  of 
corrosion/errosion  damage,  weight 
savings,  reduced  maintenance, 
lower  acquisition  costs,  and  the 
potential  for  lower  pump  noise 
levels  accompanying  the  use  of 
composite  material  pumps  would 
benefit  a  great  number  of  Fleet 
pump  applications. 

Once  the  projected  impact  of 
composites  was  determined,  physi- 
cal evaluations  were  conducted  to 
determine  the  hydraulic,  mechani- 
cal, and  material  properties  of 
currently  available  commercial 
composite  pumps.  The  information 


derived  from  these  evaluations 
was  provided  to  the  Naval  Sea 
Systems  Command  for  the  develop- 
ment of  a  military  specification 
and  the  design  of  Navy  composite 
pumps. 

In   addition  to  the  study  and 
evaluations,      several      prototype 
commercial  close-coupled  compos- 
ite pumps  were  installed  onboard 
Navy  ships  as  a  demonstration  of 
their  ability  to  perform  in  that  de- 
manding  environment.   The  next 
step  in   this  sequence   to  develop 
Navy  composite  pumps  will  be  to 
procure  pumps  complying  with  the 
military    specification    and    Navy 
design    for    laboratory    and    ship- 
board evaluations. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  161005/TN 
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Fit-Up  of  Composites  in  Manufacturing 


In  current  manufacture  of  aircraft, 
the  fit-up  of  any  surface  section  to  the 
underlying  structure  can  be  labor  in- 
tensive and  time  consuming.  The 
difficulty  comes  in  exactly  matching  the 
contours  of  the  surface  skin  to  the  con- 
tours of  the  underlying  structure.  Many 
times  gaps  occur  at  locations  which  can- 
not be  predetermined.  It  is  common 
practice  to  use  shimming  materials  to  fill 
these  gaps  which  permits  use  of  common 
fasteners  without  damaging  the  skin,  or 
producing  an  improper  fit  and  potential 
for  stress  damage.  As  in  most  composite 
practice,  some  damage  is  difficult  to  as- 
certain visually,  and  after  the  fitup  is 
complete  and  fastening  takes  place,  it  is 
very  difficult  to  inspect  for  gaps  and 
structural  damage.  With  the  use  of  exist- 
ing shim  material,  automation  of  the 
process  is  also  not  practical. 

The  AV-8B  wing  substructure,  pho- 
tograph contains  78  individual 
composite  spars  and  ribs  which  must  be 
fitted  to  minimized  the  gaps  between 
the  skin  and  substructure. 

The  objectives  of  this  development 
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Fit-Up  Problems 


AV-8B  Wing  Substructure 


program  by  GLCC  are  as  follows: 

•  To  qualify  one  or  more  types  of  shim 
material  to  be  used  in  layup. 

•  To  identify  material  that  has  equal 
performance  but  is  easier  to  use  in 
manufacture. 

•  To  identify  shim  material  which  offers 
equal  or  better  reliability. 

•  To  identify  material  which  is  ame- 
nable to  manufacturing  automation. 

It  is  anticipated  that  the  results  of  this 
program  will  be  immediately  imple- 
mented. The  process  has  application  to 
production  aircraft  such  as  the  AV-8B 
and  the  F-18.  It  may  also  find  applica- 
tion in  the  A-6,  V-22,  B-2,  and  the  F-22. 
For  more  information  contact: 
John  Holland 

Vice  President,  Technology 
(414)  947-8900 
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National  Center  for  Excellence  in  Metalworking 
Technology  (NCEMT) 

Navy  Technology  Fact  Sheet 

Electroslag  Cladding  of  Main  Propulsion  Shafting 


The  Navy  has  funded  the  Oregon 
Graduate  Institute  of  Beaverton,  OR  in 
cooperation  with  the  National  Center 
for  Excellence  in  Metal  Working  Tech- 
nology, Johnstown,  PA,  to  apply  the  new 
technology  called  electroslag  cladding 
(ESQ  with  strip  electrodes  to  clad  main 
propulsion  shafting  of  Naval  vessels. 
The  newly-developed  ESC  process  with 
strip  electrodes  is  unique  because  melt- 
ing is  produced  by  ohmic  slag  heating 
(and  not  by  a  conventional  arc).  As  a 
result,  ESC  can  deposit  metallurgically 
sound  cladding  with  approximately 
twice  the  deposition  rate  and  half  the 
dilution  compared  to  the  best  of  the  other 
competitive  surfacing  processes  (sub- 
merged arc  cladding). 

When  cladding  Nickel  Base  Alloy  625 
over  steel  shafting,  a  1-1/4  inch  wide  by 
0.020  inch  thick  strip  is  deposited  at  a 
current  level  of  650  A,  27  V,  and  7  ipm. 
Typical  single  pass  cladding  measuring 
approximately  1/4  inch  high  and  over  1- 
1/2  inch  wide  can  be  deposited  at  a  rate 


Close-up  of  Cladding  Head 


Electroslag  Cladding  Equipment 


of  40  lbs/hr.  The  typical  dilution  from 
the  steel  base  metal  is  only  6%  and  the 
total  iron  content  of  the  single  layer  clad- 
ding is  only  7%. 

Extensive  testing  is  now  being  con- 
ducted to  determine  the  critical  factors 
affecting  the  performance  of  Nickel  Al- 
loy 625  cladding  and  Copper-Nickel 
Alloy  cladding  deposited  on  different 
diameter  steel  shafting  (per  MIL-S-23284 
Classes  1,  2,  &  5).  The  mechanical  prop- 
ertiesofelctroslag  cladding  are  also  being 
compared  to  properties  of  similar  sub- 
merged arc  strip  cladding.  Two 
commercial  electroslag  cladding  fluxes 
and  one  submerged  arc  cladding  flux 
are  being  compared.  The  three  Nickel 
Alloy  strips  being  evaluated  are  Alloy 
625,  Alloy  625  with  extra  low  iron,  and 
the  newly  developed  Alloy  59. 

As  a  direct  result  of  Oregon  Graduate 
Institute's  extensive  experience  in 
electroslag  surfacing,  a  one-day  work- 
shop will  be  provided  for  all  interested 
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ELECTROSLAG  CLADDING  OF 
MAIN  PROPULSION  SHAFTING 
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Navy  personnel  and  contractors: 

ELECTROSLAG  CLADDING  DAY 
SEMINAR  &  WORKSHOP 
FEBRUARY  6, 1992 
OREGON  GRADUATE  INSTITUTE 
BEAVERTON,  OREGON 

This  "hands-on"  workshop  will  be 
presented  by  Oregon  Graduate  Institute 
and  Sandvik  Steel  Corporation.  Lectures 
will  be  presented  during  the  morning  by 
Dr.  Jack  H.  Devletian  of  Oregon  Gradu- 


ate Institute  and  Dr.  Martin  Crowther  of 
Sandvik,  Sweden.  The  afternoon  session 
will  be  devoted  to  demonstrations  of  the 
ESC  of  Nickel  Alloy  625  and  other  mate- 
rials of  interest  to  the  workshop 
attendees.  The  workshop  is  open  to  all 
Navy  personnel  and  contractors. 
For  more  information,  contact: 

Jack  Devletian 

Dept.  of  Materials  Science  Engr. 

Oregon  Graduate  Institute 

Beaverton,  OR  97006-1999 

(503)690-1171 
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Formation  of  the  CALS  RIC 


The  Computer-aided  Acquisition  and 
Logistics  Support  (CALS)  Resource  and 
Implementation  Cooperative  (RIC)  has 
recently  been  formed  to  serve  the  user's 
perspective  for  acquisition,  communi- 
cations, and  planning  for  CALS 
initiatives. 

The  RIC  is  a  joint  venture  between  the 
Naval  Avionics  Center  (NAC),  India- 
napolis, Indiana,  the  Naval  Weapons 
Support  Center  Crane  (NWSCC),  Indi- 
ana, and  the  Naval  Ordnance  Station 
Louisville  (NOSL),  Kentucky.  NAC  per- 
forms design,  development,  material 
acquisition,  contractor  liaison,  pilot  and 
emergency  manufacturing,  and  serves 
as  the  technical  corporate  memory  for 
assigned  electronics  systems.  NWSCC 
provides  engineering  technical  and  ma- 
terial support  to  the  Fleet  for  combat 
subsystems,  equipment,  and  compo- 
nents. NOSL  is  known  as  the  "Gunsmiths 
To  The  Navy"  and  is  heavily  involved 
with  design,  manufacture,  repair,  and 
overhaul  of  shipboard  weapons  systems. 
This  cooperative,  through  the  resources 
of  the  three  activities,  provides  a  unique 
perspective  for  applying  CALS  strate- 
gies to  everyday  weapons  systems 
acquisition  and  support  functions. 

The  RIC  provides  CALS  implemen- 
tation support  to  the  Naval  Air  Systems 
command,  the  Naval  Sea  Systems  Com- 
mand, and  the  Space  and  Naval  Warfare 
Systems  Command  and  directly  sup- 
ports the  Navy  CALS  architecture 
working  subgroup  in  implementing 
Navy/DOD  CALS  policies.  The  CALS 
RIC  has  also  provided  support  to  OP- 
403  and  the  Joint  CALS  Management 
Office  (JCMO)  on  specific  CALS  projects. 

Located  in  downtown  Indianapolis, 
Indiana,  the  CALS  RIC  is  housed  in  the 
Electronics  Manufacturing  Productivity 
Facility  (EMPF).  Each  of  the  three  RIC 
members  also  retains  local  experts  in  the 
logistics,  engineering,  and  management 
disciplines  at  each  activity.   The  RIC's 


unique  ties  to  industry,  other  govern- 
ment agencies,  and  academia  via  the 
EMPF  will  afford  an  excellent  environ- 
ment for  CALS  technology  transfer. 

The  CALS  RIC  provides  resource  and 
technical  assistance  for  CALS  imple- 
mentation development  and  establishes 
a  source  for  acquisition  and  communi- 
cations support. 

CALS  RIC  acquisition  support  con- 
sists of: 

•  Development  of  data  acquisition 
requirements  and  contract  lan- 
guage. 

•  Preparation  of  proposal  evaluation 
criteria. 

•  Validation  processes  for  delivered 
data. 

•  CALS  should-cost  assistance. 
CALS  RIC  communications  functions 

include: 

•  Dissemination  of  technical  user  in- 
formation for  Navy  CALS. 

•  Recording  'lessons-learned'  from 
various  DOD  programs  which  have 
had  successes  or  failures  in  acquir- 
ing and  using  CALS  data. 

•  Populating  CALS  bulletin  boards 
with  lessons  learned  data. 

•  Identifying  and  developing  specific 
Navy  CALS  Phase  II  training  re- 
quirements. 

•  Identifying  integrated  weapons 
system  database  requirements 
(Navy  CALS  Phase  III). 

CALS  will  significantly  change  the 
way  that  the  DOD  and  defense  contrac- 
tors are  currently  doing  business.  The 
CALS  strategy  will  require  changes  in 
contractual  language,  new  formats  and 
media  for  data  deliverables,  and  a  more 
integrated  approach  to  product  life  cycle 
support.  Navy  acquisition  managers 
are  charged  with  implementing  a  CALS 
environment  by  applying  the  CALS 
policies  to  Navy  acquisition  programs. 

Navy  program  managers  must  see 
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the  benefits  of  applying  CALS  to  their 
respective  acquisition  programs  in  or- 
der for  CALS  implementation  to  become 
successful.  In  order  for  Navy  program 
managers  to  fully  appreciate  the  ben- 
efits of  implementing  CALS,  some 
guidance  on  applying  the  CALS  initia- 
tives are  required.  The  CALS  RIC  is 
prepared  to  provide  this  much  needed 
assistance  for  Navy  acquisition  to  Navy 
acquisition  managers. 


For  further  information  on  the  CALS 
RIC  contact: 

CALS  RIC 

Naval  Avionics  Center 

Attn:  Mr.  Ed  Turissini 

CODE  960M 

6000  East  21st  Street 

Indianapolis,  IN  46219-2189 

(317)351-4200 
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IMASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texas 


Automatic  Control  of  Length  of  Welding  Arc 

Nonlinear  relationships  among  current,  voltage,  and  length 
would  be  stored  in  electronic  memory. 


A  conceptual  microprocessor-based 
control  subsystem  would  maintain  con- 
stant the  length  of  the  welding  arc  in  a 
gas/tungsten  arc-welding  system,  even 
when  the  welding  current  is  varied.  The 
control  subsystem  could  be  added  to  an 
existing  manual  or  automatic  welding 
system  equipped  with  automatic  voltage 
control. 

The  control  subsystem  (see  figure) 
would  use  feedback  and  a  mathematical 
model  of  the  electrical  characteristics  of 
the  welding  arc  to  generate  commands  for 
a  motor  that  would  control  the  distance  of 
the  welding  torch  from  the  workpiece  and, 
thereby,  the  length  of  the  arc.  The  mathe- 
matical model  of  the  electrical  charac- 
teristics of  the  arc  would  be  stored  in  an 
electronic  memory  as  the  digitized  values 
representative  of  the  nonlinear  voltage  vs. 
current  of  the  arc  at  various  arc  lengths 
and  for  various  workpiece  materials  and 
welding  gases. 

Initially,  the  voltage-vs. -current  data 
would  be  acquired  in  a  calibration  process 
in  which  the  torch  would  be  locked  at  a 
given  length  of  arc.  The  current  would  be 
varied  manually  while  signals  proportional 
to  the  voltage  and  current  would  be  fed  to  a 
differential  amplifier.  The  output  of  the  dif- 
ferential amplifier  (Al/)  and  the  signal  pro- 
portional to  the  current  (/)  would  be  digi- 
tized and  fed  through  the  microprocessor 
to  the  electronic  memory.  This  process 
would  be  repeated  at  a  number  of  lengths 
of  arc. 

During  welding,  the  torch  would  be  un- 


locked so  that  it  could  be  positioned  by  the 
motor.  The  arc  voltage  and  arc  current 
signals  would  be  obtained  as  before,  and 
the  differential  amplifier  would  compare 
the  arc  voltage  with  a  standard  preset 
voltage.  The  differential  amplifier  would 
also  act  upon  a  signal  from  a  tachometer 
on  the  motor  and  on  the  A V  signal  stored  in 
the  electronic  memory  for  the  instantane- 
ous value  of  the  welding  current.  The  out- 
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put  of  the  differential  amplifier  would  con- 
trol a  power  amplifier,  which  would  feed 
power  to  the  motor  as  needed  to  maintain 
the  arc  at  constant  length. 

This  work  was  done  by  William  F. 
Iceland  of  Rockwell  International  Corp.  for 
Johnson  Space  Center. 
MSC-21473/TN 
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The  Control  Subsystem  would  use  feedback  of  current  and  voltage  from  the  welding  arc  to 
maintain  the  length  of  the  arc  at  a  constant  value.  The  subsystem  would  direct  the  motor  to 
set  the  position  of  the  torch  according  to  the  previously  measured  relationships  among  the 
current,  voltage,  and  length  of  the  arc.  The  signal  paths  marked  "calibration"  or  "welding"  are 
used  during  those  processes  only.  The  other  signal  paths  are  used  during  both  processes. 
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Crack-Free,  Nondistorting  Can  for  Hot  Isostatic  Pressing 


Outgassing  and  warping  are  reduced. 


A  new  method  of  canning  specimens 
made  of  composites  of  arc-sprayed  and 
plasma-sprayed  tape  reduces  outgassing 
and  warping  during  hot  isostatic  pressing. 
The  method  produces  a  can  that  has  a  re- 
liable, crack-free  seal  and  thereby  helps 
to  ensure  a  pressed  product  of  high  quality. 

In  the  new  method,  a  specimen  is  placed 
in  a  ring  of  refractory  metal  between  two 
face  sheets,  also  of  refractory  metal  (see 
figure).  This  assembly  is  placed  in  a  die 
in  a  vacuum  hot  press,  where  it  is  simul- 
taneously heated  and  pressed  until  the 
plates  become  diffusion-welded  to  the 
ring,  forming  a  sealed  can  around  the 
specimen.  The  specimen  also  becomes 
partially  densified,  and  thus  fits  snugly 
within  the  can.  The  specimen  is  then  ready 
for  further  densification  by  hot  isostatic 
pressing. 

Previously,  the  specimen  was  placed  in 
a  lidded  refractory-metal  container  that 
was  then  sealed  in  a  vacuum  by  electron- 
beam  welding.  Because  the  vacuum  was 
sealed  in  the  can  at  room  temperature,  the 
specimen  did  not  have  the  opportunity  to 
release  gases  until  it  was  subjected  to 
hot  isostatic  pressing,  at  which  point  the 
sealed-in  gases  could  not  escape.  The  re- 
sulting gas  bubbles  prevented  proper  den- 
sification, and  the  gases  often  reacted  with 
the  specimen,  weakening  it.  In  the  new 
hot-sealing  method,  gases  are  driven  off 
during  the  sealing  process,  before  hot 
isostatic  pressing. 

Moreover,  electron-beam  welding  ac- 
cording to  the  previous  method  can  lead 
to  cracks  when  the  molten  refractory  metal 
recrystallizes  in  the  weld  zone,  and  cracks 
prevent  the  specimen  from  densifying  dur- 
ing hot  isostatic  pressing.  With  the  solid- 
state  diffusion  weld  in  the  new  method, 


The  Specimen  As- 
sembly in  the  die  lies 
under  a  punch  driven 
by  a  steel  ram  in  a 
vacuum  hot  press.  An 
induction  coil  around 
the  die  supplies  heat 
for  solid-state  diffu- 
sion welding.  The 
specimen  assembly 
consists  of  the  com- 
posite specimen  lay- 
up  between  refrac- 
tory-metal plates  in  a 
refractory-metal  ring. 


DETAIL  OF  SPECIMEN  ASSEMBLY  (BEFORE  PRESSING) 
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however,  there  is  no  meiting  and  therefore 
no  recrystallization  and  the  consequent 
cracking. 

Finally,  it  is  impossible  to  achieve  a  per- 
fectly fitting  can  with  electron-beam  weld- 
ing according  to  the  previous  method.  Un- 
equal stresses  in  the  specimen  during  hot 
isostatic  pressing  therefore  tend  to  warp 
it.  However,  the  heat  and  pressure  of  the 
sealing  process  in  the  new  method  squeeze 
the  specimen  into  contact  with  the  entire 
inner  surface  of  the  can,  so  that  thereafter, 
the  specimen  does  not  warp  when  pressed. 

This  work  was  done  by  John  J.  Juhas 
of  Lewis  Research  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 


Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL.  Refer  to  LEW-14990/TN 


Lewis  Research  Center 

Technology  Utilization 
Officer:  Daniel  G.  Soltis 
Mail  Stop  7-3 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5567 
Patent  Counsel: 
Gene  E.  Shook 
Mail  Code  301-6 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)  433-5753 
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Jointed  Holder  for  Welding  Electrodes 

A  custom-bent  electrode  becomes  unnecessary. 


A  jointed  electrode  holder  for  gas/tung- 
sten arc  welding  is  designed  for  use  in 
workspaces  to  which  access  is  limited. 
The  jointed  holder  is  mounted  in  a  stand- 
ard torch  and  is  covered  by  a  customized 
gas  cup,  shaped  to  the  required  welding 
angle(s)  (see  figure). 

Heretofore,  it  has  been  necessary  to 
custom-bend  the  electrode  to  match  the 
angle(s)  of  the  gas  cup.  Bending  to  the  re- 
quired configuration  is  difficult,  and  it  is  dif- 
ficult to  install  and  remove  a  bent  elec- 
trode. Moreover,  a  bent  electrode  can  be 
sharpened  only  a  few  times. 

The  new  jointed  holder  requires  only  a 
standard  straight  electrode.  The  electrode 
can  be  replaced  easily,  without  removing 
the  cup,  with  the  aid  of  a  tool  that  loosens 
a  miniature  collet  nut  on  the  holder.  The 
length  of  the  electrode  extending  from  the 
cup  (the  "stickout")  can  readily  be  ad- 
justed to  compensate  for  shortening  as  the 
electrode  is  consumed.  In  contrast,  the 
stickout  of  a  bent  electrode  cannot  be  ad- 
justed, so  that  when  the  stickout  becomes 
too  short,  the  electrode  must  be  replaced. 
Therefore,  the  jointed  holder  consumes 
fewer  electrodes  for  a  given  amount  of 
welding. 


Barrel  of 
Welding  Torch 


■  Washer 


Collet 
Body 


Jointed 

Electrode 

Holder 


Custom-Made 
Bent  Gas  Cup 


Electrode 


The  angle  of  the  holder  is  continuously 
adjustable  to  fit  the  angle  of  the  gas  cup 
or  the  geometry  of  the  part  to  be  welded. 
The  holder  could  be  made  double-jointed 
to  accommodate  a  gas  cup  that  has  com- 
pound angles. 

777/s  work  was  done  by  Jeffrey  L  Gilbert 
of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-29739/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


The  Adjustable-Angle  Holder  enables 
the  use  of  a  standard  straight  electrode 
with  a  custom-fabricated  bent  gas  cup 
for  welding  in  difficult-to-reach  places. 
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Filament  Winding  of  Carbon/Carbon  Structures 

An  improved  technique  has  potential  for  automation. 


An  improved  method  of  winding  carbon 
filaments  for  carbon/carbon  composite 
structures  is  less  costly  and  labor-intensive 
than  are  prior  methods  and  produces  more 
consistent  results.  The  improved  method 
involves  the  use  of  a  roller  squeegee  to 
ensure  that  filaments  are  continuously  wet 
with  resin  during  winding.  The  method  also 
involves  control  of  the  spacing  and  the 
resin  contents  of  plies  to  obtain  strong 
bonds  between  carbon  filaments  and  the 
carbon  matrices.  The  method  lends  itself 
to  full  automation  and  involves  the  use  of 
filaments  and  matrix-precursor  resins  in 
their  simplest  forms,  thereby  reducing 
costs. 

Carbon/carbon  composites  offer  high 
strength  at  high  temperatures.  They  resist 
thermal  shock  and  erosion.  They  are  used 
to  make  such  structures  as  throats  and  exit 
cones  of  rocket  engines. 

The  roller-squeege  eliminates  buildup 
of  resin  on  the  guide  rollers,  which  even- 
tually tears  the  filaments,  as  seen  with  pre- 
vious conventional  techniques.  The  build- 
up occurs  due  to  the  tackiness  and  high 
viscosity  of  the  phenolic  resin  (the  high 
viscosity  of  the  resin  is  attributed  to  the 
addition  of  6  to  16  weight  percent  of  car- 
bon filler,  which  increases  the  total  char 
yield  of  the  structure).  The  roller-squeegee 
continuously  applies  resin  to  the  dry  fibers 
as  they  are  wound  onto  the  part  being 
fabricated  and  works  the  resin  into  the 
outer  layers. 

Another  feature  of  the  new  method  pre- 
vents the  wrinkles  that  usually  form  in  older 
methods  because  of  polymerization  and 
shrinkage  during  curing.  The  wrinkles  are 
prevented  by  controlling  the  interlaminar 
resin  content  and  curing  in  a  vacuum  bag 
under  atmospheric  pressure  only. 

In  a  demonstration  of  the  method,  sev- 
eral carbon/carbon  tubes,  4  in.  (10  cm)  in 
diameter,  were  fabricated  by  alternately 
winding  four  fiber  bundles  at  an  angle  of 
±30°  off  axis  on  an  aluminum  mandrel 
coated  with  a  release  chemical.  The  roller 
squeegee  worked  the  carbon-filled  resin 
into  the  bundles  as  they  were  laid  down. 
The  roller  squeegee  was  spring-loaded 
against  the  surface.  A  servosystem  con- 
trolled the  tension  on'  the  filaments. 


The  Roller  Squeegee  presses  against  filaments  as  they  are  wrapped  on  a  mandrel 
on  a  servo-controlled  winding  machine.  The  filaments  are  thereby  coated  uniformly 
with  the  correct  amount  of  carbon-filled  resin. 


After  winding,  the  tubes  were  vacuum- 
bagged  and  cured  at  a  temperature  of 
165  °C  under  atmospheric  pressure.  They 
were  carbonized  in  nitrogen  at  a  tempera- 
ture that  was  gradually  increased  to  816  °C, 
then  graphitized  at  2,200  °C.  Finally,  some 
tubes  were  densified  by  chemical-vapor 
deposition,  while  others  were  densified  by 
impregnation  with  pitch.  The  material  pro- 
duced by  chemical-vapor  deposition  was 
found  to  be  stronger  and  to  have  a  matrix 
that  was  more  nearly  uniform  than  that 
produced  by  impregnation  with  pitch. 
Chemical-vapor  deposition  gave  better 
adhesion  between  matrices  and  fibers, 
thereby  imparting  better  transfer  of  loads 
and  increased  shear  strength. 

The  roller-squeegee  method  has  also 
been  used  to  fabricate  prototype  rocket 
nozzles.  In  the  prototypes,  the  winding 
angle  was  varied  between  30°  and  60° 
to  create  constant  thicknesses  of  material 
along  the  axes  of  the  nozzles.  After  wind- 
ing, the  filament-wound  nozzles  were  proc- 
essed similarly  to  the  tubes.  These  rocket 
nozzles  were  successfully  test-fired  to 
show  structural  integrity. 


This  work  was  done  by  Paul  J.  Jacoy, 
Wesley  P.  Schmitigal,  and  Wayne  M. 
Phillips  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL  Refer  to 
NPO-18163/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354^849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Heavy-Workpiece  Handler  for  Vacuum  Plasma  Spraying 

Massive  parts  are  manipulated  for  uniform  coating. 


A  handling  device  manipulates  a  heavy, 
hollow  workpiece  for  plasma  spraying  in 
a  vacuum  chamber.  The  device  rotates 
and  tilts  the  workpiece,  keeping  it  approx- 
imately perpendicular  to  the  plasma-spray 
nozzle,  so  that  the  nozzle  deposits  a  uni- 
form layer  on  the  interior  surface  of  the 
workpiece.  It  can  accommodate  work- 
pieces  as  heavy  as  1,000  pounds  (450 
kilograms)  and  is  compatible  with  the  heat 
and  vacuum  of  the  spraying  process. 

The  device  includes  a  turntable  mount- 
ed on  a  cradle  made  of  tubes  (see  figure). 
The  cradle  tilts  on  a  pair  of  pivot  assem- 
blies. A  motor  in  the  base  of  the  turntable 
drives  a  spoked  turntable  deck  that  holds 
a  removable  ring,  called  the  "overspray 
ring,"  that  supports  the  workpiece.  A  motor 
and  harmonic  drive  in  one  of  the  pivot  as- 
semblies tilts  the  cradle. 

The  workpiece  is  placed  on  the  over- 
spray  ring.  The  plasma-spray  gun  is  insert- 
ed in  the  workpiece  from  the  top.  The  over- 
spray  ring  provides  a  margin  at  the  lower 
limit  of  the  vertical  travel  of  the  plasma- 
spray  gun;  it  protects  the  interior  surface 
of  the  spoked  turntable  deck  from  the 
plasma  spray.  It  has  a  thin  cross  section 
to  minimize  the  transfer  of  heat  to  the 
spoked  turntable  deck.  During  spraying, 
the  overspray  ring  becomes  attached  to 
the  workpiece  via  the  deposited  layer. 
Therefore,  the  overspray  ring  is  designed 
to  be  easily  removable  from  the  turntable. 

The  turntable  motor  rotates  the  work- 
piece  during  spraying.  A  shaft-angle  re- 
solver  in  the  turntable  housing  provides 
position  feedback,  and  Hall-effect  devices 
in  the  motor  provide  rate  feedback  for  auto- 
matic control  of  the  rotation  of  the  turn- 
table. Simultaneously,  the  motor  and  har- 
monic drive  in  one  of  the  pivot  assemblies 
keep  the  contoured  internal  surface  per- 
pendicular to  the  axis  of  the  spray.  The  har- 
monic drive  multiplies  the  torque  of  the 
pivot  motor  200  times  so  that  the  massive 
workpiece  can  be  tilted.  A  shaft-angle  re- 
solver  in  the  opposite  pivot  assembly  pro- 
vides position  feedback  for  the  control  sys- 
tem, which  is  programmed  to  coordinate 
the  tilt  of  the  cradle  with  the  position  and 


A  Heavy  Workpiece 

is  mounted  on  a  turn- 
table. The  turntable 
rotates  the  workpiece 
about  one  axis  while 
the  cradle  tilts  the 
turntable  and  work- 
piece  about  an  or- 
thogonal axis.  A 
plasma-spray  gun  is 
inserted  in  the  work- 
piece.  A  removable 
ring,  shown  in  cross 
section,  supports  the 
workpiece  and  shields 
part  of  the  turntable 
from  the  spray. 


Axis  or  notation 


»  '        Turntable  / 


Brum 

DETAIL  OF  TURNTABLE  ASSEMBLY 


orientation  of  the  gun  and  the  rotation  of 
the  turntable. 

Cooling  water  enters  the  motorized  pivot 
and  flows  along  the  pivot  shaft,  the  adja- 
cent cradle  tube,  the  turntable,  and  around 
the  turntable  motor.  The  cooling  water 
leaves  the  turntable  through  the  opposite 
cradle  tube  and  pivot. 

Tubes  carrying  water  and  power  and 
control  cables  enter  the  vacuum  chamber 
through  dual-sealed  ports.  The  seals  are 
pressurized  with  argon  gas. 

The  cradle  completes  the  electric  cir- 
cuit from  the  plasma  gun  through  the  cast- 
ing. It  is  insulated  from  the  wall  of  the 
vacuum  chamber  by  nonmetallic  bushings 
between  the  pivot  bearings  and  their 
housings. 

This  work  was  done  by  William  N. 
Myers  of  Marshall  Space  Flight  Center. 


Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28522/TN. 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel 

Leon  D.  Wotford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center. 

AL  35812 

(205)  544-0024 
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Lockwasher  Strongly  Resists  Disassembly 


Tabs  engage  slots  in  pawl-and-ratchet  fashion. 


Inner  Anti- 

counterrotation 

Tab 


LOCKWASHER  AND 
SCREW  MOUNTED 
IN  RETAINING  RINQ 


VIEW  B-B  MAGNIFIED  FURTHER 


Inner  and  Outer  Tabs  prevent  loosening  rotation  of  a  machine 
screw  once  the  screw  has  been  tightened  on  the  lockwasher. 


A  lockwasher  has  been  designed  to  prevent  counter- 
rotation  and  loosening  of  a  machine  screw  (colloquially,  a  bolt) 
once  the  screw  has  been  fully  tightened.  The  anti-counter- 
rotation  features  of  the  lockwasher  and  its  mating  screw- 
head  are  similar  to  those  of  a  "childproof"  cap  on  a  pill  bottle. 

The  lockwasher-and-screwhead  com- 
bination is  intended  to  replace  a  cup-wash- 
er-and-screwhead  combination  exposed  to 
high-speed,  turbulent  flow  in  turbomachin- 
ery.  During  assembly,  it  is  necessary  to  de- 
form the  cup  washer.  Vibrations  induced 
by  the  flow  can  cause  cracks  generated 
during  the  deformation  process  to  propa- 
gate, thereby  causing  failure  of  the  antirota- 
tion  feature.  In  addition,  occasionally,  a 
screw  "hangs  up"  on  the  cup-washer  ra- 
dius during  assembly  and  does  not  "bot- 
tom out"  as  it  should. 

The  new  design  requires  no  permanent 
deformation  during  assembly.  The  lock- 
washer includes  two  outer  antirotation  tabs 
that  fit  in  "mouse-bite"  recesses  in  a  re- 
taining ring.  These  features  prevent  the 
lock  washer  from  rotating.  A  number  of  in- 
ner anticounterrotation  tabs  on  the  lock- 
washer are  preloaded  upward  to  engage 
slots  in  the  screwhead  in  pawl-and-ratchet 
fashion.  As  the  screw  rotates  during  tighten- 
ing, the  inner  anticounterrotation  tabs  click 
easily  into  the  slots.  However,  because  of 
the  asymmetrical  shape  of  each  slot,  the 
tab  that  has  sprung  into  the  slot  pushes 
against  one  of  its  walls,  resisting  any 
loosening  rotation  of  the  screw. 

This  work  was  done  by  Stephanie  Z. 
Jeffers  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
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Ruling  Blazed,  Aberration-  Corrected  Diffraction  Gratings 

Advantages  of  holographic  and  ruled  gratings  are  combined. 


A  proposed  optoelectromechanical  apparatus  that  functions 
partly  as  a  ruling  engine  and  partly  as  a  pantograph  would  rule 
blazed,  aberration-corrected  diffraction  gratings.  Heretofore, 
gratings  blazed  on  conventional  mechanical  ruling  engines 
have  been  subject  to  phase  errors,  with  consequent  undesired 
ghost  images  and  scattering  of  light,  caused  by  periodic  and 
random  mechanical  errors  in  the  ruling 
engines.  Conventional  mechanical  ruling 
engines  are  also  limited  in  that  they  rule 
only  nominally  straight  grooves,  whereas 
specially  curved  grooves  are  needed  in 
some  cases  to  compensate  for  optical 
aberrations  elsewhere  in  the  systems  in 
which  the  gratings  are  to  be  used.  Al- 
though gratings  can  be  made  holograph- 
ically  with  grooves  in  precise  registration, 
with  little  or  no  phase  error,  and  corrected 
for  aberrations,  the  grooves  in  such  grat- 
ings have  smoothly  undulating  cross  sec- 
tions with  rounded  edges,  which  have  low 
diffraction  efficiency.  Gratings  with  grooves 
of  triangular  or  "sawtooth"  cross  sections 
(blazed  gratings)  are  needed  for  high  effi- 
ciency in  the  designed  order  of  diffraction. 

The  new  apparatus  (see  figure)  makes 
it  possible  to  combine  the  precision  of  an 
aberration-corrected,  holographically  pro- 
duced grating  with  the  diffraction  efficien- 
cy of  a  blazed  grating  by  using  the  holo- 
graphically produced  grating  as  a  model 
or  master  pattern  that  controls  the  ruling 
engine  that  makes  the  blazed  grating.  The 
surface  of  the  model  holographic  grating 
is  scanned  by  a  sensing  head  mounted 
on  a  pantographic  arm.  A  ruling  stylus  is 
mounted  on  the  other  end  of  the  panto- 
graphic  arm  with  its  tip  in  a  grating  blank. 

The  sensing  head  is  a  scanning-tunnel- 
ing-microscope  probe  mounted  on  a  pan- 
tographic arm.  The  probe  tapers  to  a  sharp 
tip,  and  a  bias  voltage  is  applied  between 
the  tip  and  the  model  holographic  grat- 
ing. The  vertical  (z-axis)  position  of  the 
pantographic  arm  is  controlled  by  a  scan- 
ning-tunneling-microscope  feedback  ser- 
vo-control loop  in  response  to  the  quan- 
tum-mechanical-tunneling electron  current 
that  flows  between  the  tip  and  the  surface. 
This  current  depends  on  the  distance  of 
the  tip  above  the  surface  of  the  grating, 
and  the  servomechanism  maintains  the 
tip  at  a  fixed  distance  as  small  as  a  few 
nanometers. 
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The  Sensing  Head  traces  the  grooves  in  a  model  holographic  grating, 
causing  the  ruling  stylus  to  form  similar  grooves  in  a  grating  blank. 


A  ruling  engine  commands  the  horizon- 
tal (x-  and  y-axis)  motion  of  the  panto- 
graphic arm  via  x-  and  y-axis  drive  circuits 
and  motors.  (Alternatively,  the  pantograph- 
ic arm  can  be  moved  in  y  only,  and  the 
carriage  can  be  translated  in  x.)  The  rul- 
ing engine  includes  x-  and  y-axis  inter- 
ferometers that  measure  the  horizontal  po- 
sition. The  outputs  of  the  interferometers 
are  processed  digitally,  and  the  resulting 
signal  is  converted  into  one  of  the  analog 
inputs  to  the  z-axis  servocontrol  loop. 

The  net  effect  of  the  interaction  among 
the  x-,  y-,  and  z-axis  control  loops  is  the  fol- 
lowing: The  ruling  engine  commands  the 
pantographic  arm  to  scan  in  y  along  a 
groove,  which  lies  substantially  along  the 


y  axis.  The  z  motion  of  the  pantographic 
arm  and  the  x  motion  of  the  pantographic 
arm  or  carriage  are  controlled  together  in 
such  a  way  as  to  make  the  tip  of  the  probe 
trace  a  path  a  few  nanometers  above  the 
top  of  one  of  the  grooves  on  the  model. 
(This  path  can  deviate  slightly  from  a 
straight  line  parallel  to  the  y-axis  because 
of  the  aberration-correcting  curvature.)  The 
ruling  stylus  on  the  other  end  of  the  panto- 
graphic arm  follows  a  parallel  path,  there- 
by embedding  the  pattern  of  the  holo- 
graphic grating  in  the  grating  blank. 

An  alternate  apparatus  would  have  a 
photolithographic  recording  device  such 
as  an  electron  spot  instead  of  a  ruling 
stylus.  The  end  product  would  be  a  record- 


199 


ing  mask  defining  groove  layout  in  etched 
grating  processes. 

This  work  was  done  by  Douglas  B. 
Leviton  of  Goddard  Space  Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 


Inquiries  concerning  nonexclusive  or 
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development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
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Predicted  heat-sink  effects 
are  consistently  less  than 
measured  ones. 

A  report  describes  a  theoretical  and  ex- 
perimental study  of  the  absorption  of  heat 
by  metal  blocks  in  contact  with  a  metal 
plate  while  the  plate  is  subjected  to  vari- 
able-polarity plasma-arc  (VPPA)  welding. 
The  plate  and  the  blocks  served  as  sim- 
plified models  of  workpieces  to  be  weld- 
ed and  the  fixtures  that  hold  the  work- 
pieces,  respectively.  The  purpose  of  the 
study  was  to  contribute  to  the  develop- 
ment of  a  comprehensive  mathematical 
model  of  temperature  in  the  weld  region; 
this  model  would  be  incorporated  into  an 
algorithm  for  automatic  control  of  the  weld- 
ing process.  The  study  is  also  relevant  to 
the  welding  of  thin  sheets  of  metal  to  thick 
blocks  of  metal,  the  heat  treatment  of 
metals,  and  hotspots  in  engines. 

The  theoretical  part  of  the  study  is  based 
on  a  simplified  mathematical  model  of 
thermal  conditions  in  the  plate.  The  plate 
is  treated  as  having  uniform  thermal  dif- 
fusivity  throughout,  convective  cooling  of 
the  surface  is  ignored,  the  temperature  in 
regions  of  the  plate  far  from  the  welding 
heat  source  is  taken  to  be  uniform,  and 
the  welding  heat  source  is  treated  as  line 
source  of  uniform  power  per  unit  length 
through  the  thickness  of  the  plate.  The 
welding  heat  source  is  considered  to  move 
along  the  plate  in  the  x  direction  at  a 
steady  speed  V  and  to  have  been  oper- 
ating long  enough  so  that  in  the  coordinate 


system  moving  with  the  source,  the  distri- 
bution of  temperature  in  the  plate  is  con- 
stant in  time.  Under  these  conditions,  the 
steady-state  distribution  of  temperature  in 
the  moving  coordinate  system  is  given  by 
an  equation  derived  by  D.  Rosenthal  and 
published  in  1946. 

The  heat-sinking  effect  of  a  block  is 
treated  as  a  disturbance  of  the  Rosenthal 
distribution:  The  basic  premise  is  that  if 
a  small  mass  initially  at  the  ambient  tem- 
perature and  fixed  to  the  plate  were  to  in- 
teract with  the  moving  temperature  field, 
it  would  draw,  from  the  plate,  the  amount 
of  heat  necessary  to  raise  its  temperature 
to  that  prescribed  for  its  position  by  the 
Rosenthal  distribution.  In  the  frame  of 
reference  moving  with  the  welding  heat 
source,  the  heat-sinking  effect  of  a  mass 
fixed  to  the  plate  is  equivalent  to  that  of 
a  moving  heat  sink  (equivalent^,  a  nega- 
tive heat  source)  of  variable  strength.  Then 
by  use  of  an  equation  for  the  effect  of  a 
moving  source  and  the  use  of  Ahamel's 
theorem,  the  temperature  at  a  given  posi- 
tion on  the  plate  as  a  function  of  time  is 
expressed  by  an  integral  equation  as,  in 
effect,  the  sum  of  many  instantaneous 
sources  occurring  between  an  initial  time 
and  the  present  time. 

The  integration  is  performed  numerical- 
ly, and  the  maximum  temperature  depres- 
sion in  the  weld  zone  because  of  the  block 
is  determined.  Then  the  temperature  field 
is  shifted  from  the  Rosenthal  distribution 
by  the  amount  of  the  depression,  and  the 
shift  in  the  melting  isotherm  is  estimated 


to  estimate  the  consequent  decrease  in 
the  width  of  the  weld  bead,  for  comparison 
with  the  width  of  the  bead  without  the 
block. 

In  the  experiments,  aluminum  blocks 
were  bolted  to  aluminum  plates  at  various 
positions  with  respect  to  the  path  of  the 
welding  torch,  and  bead-on-plate  welds 
were  performed.  In  every  case,  the  exper- 
imental decrease  in  width  of  the  weld  bead 
near  the  blocks  was  less  than  that  pre- 
dicted by  the  theory.  However,  the  theory 
was  found  to  agree  qualitatively  with  ex- 
perimental trends. 

This  work  was  done  by  Arthur  C.  Nunes 
of  Marshall  Space  Flight  Center  and 
Paul  O.  Steranka,  Jr.,  of  Wichita  State 
University.  "Heat  Sink  Effects  on  Weld 
Bead— VPPA  Process.". 
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Uniform-Dead-Weight  Brazing 

Uniformly  distributed  weight  increases  yield  and  reduces  costs. 


A  method  of  deadweight  loading  for  vac- 
uum-furnace brazing  improves  the  quality 
of  the  joint.  In  the  application  for  which  it 
was  developed  —  fabrication  of  stainless- 
steel  cold  plates  —  the  method  decreased 
the  rate  of  rejection  from  57  percent  to  0 
percent. 

Previously,  the  plates  to  be  brazed  to- 
gether were  pressed  together  under  a  one- 
piece  glide  plate.  The  glide  plate  became 
distorted  from  the  furnace  heat  and  there- 
fore did  not  apply  its  weight  uniformly  over 
the  surfaces  of  the  plates  to  be  joined.  In 
the  improved  method,  the  plates  are 
weighted  with  heavy  stainless-steel  blocks. 
The  blocks  act  independently  and  are  thus 
immune  to  distortion.  Besides  being  uni- 
formly distributed,  the  force  they  apply  to 
the  plates  is  larger  and  is  repeatable  from 
one  brazing  operation  to  the  next.  Larger 
blocks  are  used  on  the  edges  of  the  plates, 
where  more  thermal  mass  is  needed  to  re- 
duce the  differences  between  the  temper- 
atures of  the  interior  and  the  edge  as  the 
temperature  of  the  furnace  is  varied  —  a 
refinement  that  was  not  possible  with  the 
one-piece  glide  plate. 

The  cold-plate  layup  consists  of  a  stack 
of  stainless-steel  sheets  separated  by 
brazing-alloy  tape  0.004  in.  (0.1  millimeter) 
thick,  all  on  a  stainless-steel  baseplate  (see 
figure).  A  "stopoff "  coat  of  zirconium  oxide 
powder  is  sprayed  onto  those  surfaces 
(e.g.,  between  the  layup  and  the  baseplate) 
that  are  in  contact  with  each  other  but  are 
not  intended  to  be  brazed  together,  to  en- 
sure separation  after  brazing.  The  smaller 
blocks,  1.37  in .  (35  mm)  high  and  weighing 
1.5  lb  (0.68  kg),  are  placed  on  most  of  the 
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TYPICAL  LAYUP  WITH  WEIGHTING  BLOCKS 


Stainless-Steel  Blocks  in  two  sizes  weigh  a  stack  of  layers  to  be  brazed  together  to  make  a  cold 
plate.  Radiation  shields,  two  of  which  have  been  removed  to  show  the  stack,  prevent  overheating 
at  the  edges.  Thermocouples  at  selected  locations  monitor  brazing  temperatures. 


top  surface  of  the  stack.  The  larger  blocks, 
2.6  in.  (66  mm)  high  and  weighing  2.9  lb(1.3 
kg),  are  placed  at  the  periphery  of  the  top 
surface.  The  blocks  are  separated  from 
each  other  by  gaps  0.015  in.  (0.4  mm)  wide. 
Shields  made  of  stainless-steel  sheet  are 
placed  at  the  edges  of  the  stack  to  prevent 
overheating  of  the  edges  by  direct  radia- 
tion. The  shields  are  tack-welded  in  posi- 
tion. The  assembly  is  brazed  at  a  tempera- 
turebetween  1,900  and  1,985  °F(1,038  and 
1,085  °C). 


With  the  new  method,  two  cold-plate 
doublers  can  be  brazed  simultaneously. 
This  reduces  fabrication  time  by  a  few 
weeks  and  fabrication  cost  by  about 
$6,000.  The  finished  part  can  withstand  an 
internal  gauge  pressure  of  at  least  135 
lb/in.2  (931  kPa). 

This  work  was  done  by  William  D.  Gaw 
of   Rockwell   International   Corp.    for 
Johnson  Space  Center. 
MSC-21627/TN 
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0202  High-Temp  Material 

0203  Inorganic  Membrane 

0204  Silicon  Fabricated  on  Insulator  Materials 

0205  Crystalline  Imide/Arylene  Ether  Copolymers — Crystalline  imide  blocks 
impart  excellent  mechanical  properties  to  the  copolymers.  (Licensing 
Opportunity) 

0206  Alloy  Has  High  Fatigue  Strength  in  Hydrogen — High-energy 
microstructural  surfaces  that  entrap  hydrogen  are  largely  eliminated. 
(Licensing  Opportunity) 

0207  Development  of  Composite  Panels  for  Telescope  Mirrors — Methods  of 
design  and  fabrication  are  discussed. 

0208  Effects  of  Interference  on  Scattering  by  Parallel  Fibers— Interference 
decreases  the  scattering  efficiency. 

0209  Fluidized-Bed  Silane-Decomposition  Reactor — Silicon  is  deposited  on 
fluid-bed  particles  instead  of  on  the  reactor  walls.  (Licensing 
Opportunity) 


Testing  &  Instrumentation 

021 0    Measuring  Electrical  Resistivity  of  Compacted  Powder — A  simple  device 
compacts  a  specimen  and  measures  both  its  resistance  and  its 
dimensions. 


Other  Items  of  Interest 

0190  Fit-Up  of  Composites  in  Manufacturing 

0191  Electroslag  Cladding  of  Main  Propulsion  Shafting 

0194    Crack-Free,  Nondistorting  Can  for  Hot  Isostatic  Pressing — Outgassing 
and  warping  are  reduced.  (Licensing  Opportunity) 

0224    Improved  Interferometric  Photorefractive  Optical  Processor — Processing 
speed  is  increased  substantially. 
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Technology  Application 


High-Temp  Material 


A  new  family  of  composite  materials 
developed  at  Los  Alamos  National 
Laboratory  (LANL)  is  the  most  sig- 
nificant innovation  in  high-temperature 
structural  materials  since  silicon-based 
structural  ceramics  were  introduced 
two  decades  ago.  The  LANL 
materials-molybdenum  disilcide/silicon 
carbide  composites  (MD/SCC)-will 
benefit  a  variety  of  industries,  includ- 
ing commercial  aircraft  and 
automobile  manufacturers  and  those 
associated  with  electric  power  genera- 
tion and  pollution  control. 

The  MD/SCCs  are  stronger  and  more 
ductile  (i.e.,  capable  of  changing  shape 
without  breaking)  than  are  other  avail- 
able materials  at  the  extreme  tempera- 
tures of  1,200  degrees  to  1,800  degrees 
C  found  in  industrial  furnaces,  in- 
cinerators, gas  turbines,  and  such 
automobile  components  as  glow  plugs, 
piston  faces,  valves,  and  turbocharger 
rotors.  They  are  also  more  resistant  to 
oxidation  than  are  the  best  commer- 
cially available  high-temperature  me- 


tals; consequently,  they  are  far  more 
reliable. 

The  composites  can  be  used  to  provide 
advanced,  very  high-temperature  heat- 
ing elements  with  improved  tempera- 
ture capabilities  and  extended  lifetimes 
for  industrial  furnace  and  waste  in- 
cineration applications.  They  can  also 
be  used  to  improve  the  quality  of 
aircraft  components—an  improvement 
that  will  lead  to  safer  and  more  reli- 
able aircraft.  Better  high-temperature 
components,  such  as  seals,  vanes  and 
nozzles,  in  the  gas  turbine  engines  of 
advanced  aircraft  would  make  it  pos- 
sible to  increase  the  turbine  inlet 
temperatures,  which  ultimately  would 
improve  engine  performance  and  fuel 
efficiency.  The  MD/SCCs  may  make 
such  increased  temperatures  possible 
in  gas  turbines  and  in  a  variety  of 
other  important  industrial  and  environ- 
mental applications. 

For  more  information,  contact  Dr. 
Ronald  Barks,  (505)  667-3839. 
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Technology  Application 


Oak  Ridge  National  Laboratories 


Inorganic  Membrane 


For  over  40  years,  the  DOE  and  its 
predecessor  Federal  agencies  have 
worked  to  perfect  membrane  (i.e.,  bar- 
rier) technology  to  separate  isotopes  of 
uranium.  In  1990,  DOE  and  Oak 
Ridge  National  Laboratory  (ORNL) 
commenced  work  with  industry  to 
commercialize  the  technology  that 
resulted  from  that  effort.  The  com- 
mercialization program  includes  design 
and  development  of  a  research 
laboratory  to  work  with  industry  in  ap- 
plying the  technology  to  specific 
chemical-separation  processes. 

Membranes  are  thin  materials  with  ex- 
tremely fine  pore  structures  that  selec- 
tively allow  or  block  passage  of  fluid 
(gas  or  liquid)  components,  thereby 
separating  mixtures  into  product  and 
waste  streams.  Presently,  membranes 
made  from  organic  materials,  such  as 
polysulfone,  cellulose  acetate,  and 
nylon,  dominate  the  commercial 
market.  A  number  of  inorganic 
(ceramic,  glass,  and  metal)  membranes 
are  now  being  used  by  industry,  but 
the  application  of  these  products  has 
been  limited  by  their  relatively  high 
costs,  and  in  many  cases,  low  separa- 
tion factors. 

Membranes  are  used  in  such  applica- 
tions as  food  processing  (especially  for 
dairy  products),  beverage  clarification, 
process  gas  production  (for  producing 
nitrogen,  oxygen,  argon),  biotechnol- 
ogy purifications  (for  protein,  yeast, 
and  other  microorganism  separations), 
and  other  chemical  and  water-purifica- 
tion processes. 

The  ORNL  membrane  technology  of- 
fers a  number  of  significant  advantages 


over  existing  technologies.  When  com- 
pared with  organic  membranes,  the 
DOE  inorganic  technology  (like  other 
inorganic  materials)  provides  a  longer 
operating  life  (up  to  30-fold),  and  a 
tolerance  of  harsh  environments  (high 
temperature  and  corrosive).  In  com- 
parison with  other  inorganics,  the 
DOE  technology  has  demonstrated 
even  more  remarkable  benefits.  Based 
on  extensive  production  experience  of 
membranes  for  uranium  enrichment, 
researchers  have  estimated  that  this 
technology  can  reduce  production 
costs  by  a  factor  of  4  or  more  com- 
pared with  present  state-of-the-art  in- 
organics. 

Membranes  based  on  this  technology 
are  expected  to  show  flux  improve- 
ments of  5  times  or  better  when  com- 
pared to  other  inorganic  membranes, 
while  maintaining  an  excellent  separa- 
tion factor.  Flux  is  a  measure  of  the 
permeability  of  the  membrane,  which 
determines  the  volume  throughput  of  a 
system.  The  separation  factor  is  a 
measure  of  how  completely  the 
membrane  separates  the  product  and 
waste  process  streams.  The  bottom 
line  is  that  the  technology  is  expected 
to  compete  on  a  cost  basis  with  low- 
cost  organic  membranes  in  many  ap- 
plications, while  offering  the  desired 
durability  of  an  inorganic  material. 
The  technology  is  also  expected  to  be 
applicable  in  new  situations,  par- 
ticularly in  harsh  environments  where 
large-volume  throughput  is  necessary. 

For  further  information,  contact  Glen 
Prosser,  (615)  574-4552. 
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Silicon  Fabricated  on  Insulator  Materials 


The  Naval  Research 
Laboratory  (NRL),  Washington, 
DC,  has  developed  a  technique  to 
fabricate  silicon  on  insulator  (SOI) 
materials.  Using  a  strained  30- 
percent  germanium  (Ge)  silicon 
germanium  (SiGe)  alloy  as  an  etch 
stop,  SOI  wafers  with  a  200- 
nanometer  silicon  thickness  have 
been  fabricated  using  bond  and 
etch  batch  techniques.  The 
residual  background  doping  was 
measured  and  found  to  be  very 
small,  at  less  than  10el5/cc. 

This  material  has  the 
advantage  of  having  a  back 
channel  that  can  be  radiation 
hardened  in  a  straightforward 
manner  because  the  oxide  forming 
the  back  channel  is  grown  by 
conventional  techniques.  It  also 
has  the  advantage  over  boron  as 


etch  stop  because  germanium  is 
not  an  electrically  active  dopant  in 
silicon.  The  technology  is  capable 
of  generating  undoped  silicon  on 
insulator  of  any  thickness. 

These  materials  will  play  a  key 
role  in  the  fabrication  of  the  next 
generation  of  higher  speed/fully 
depleted  devices  based  on  silicon 
and  is  highly  relevant  to  Navy 
satellite  survivability. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  161004/TN 
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Crystalline  Imide/Arylene  Ether  Copolymers 

Crystalline  imide  blocks  impart  excellent  mechanical  properties  to  the  copolymers. 


As  part  of  an  effort  to  develop  high-performance  struc- 
tural resins  for  aerospace  applications,  work  has  continued 
on  block  copolymers  containing  imide  and  arylene  ether 
segments.  The  idea  is  to  take  advantage  of  the  attractive 
features  of  both  polymides  and  poly(arylene  ethers).  In  this 
work,  a  series  of  imide/arylene  ether  block  copolymers  were 
prepared  by  using  arylene  ether  blocks  (which  are  amor- 
phous) to  impart  low  melt  viscosity,  and  imide  blocks  (which 
are  crystalline)  to  provide  high  strength  and  other  desirable 
mechanical  properties.  This  work  represents  an  extension 
of  previous  work  (see  LAR-14159)  on  imide/arylene  ether 
copolymers. 

A  wide  variety  of  imide  and  arylene  ether  repeat  units  can 
be  used  to  yield  copolymers  with  specific  desired  properties. 
Furthermore,  the  lengths  of  the  imide  and  the  arylene  ether 
blocks  are  easily  controlled.  By  varying  these  lengths,  one  can 
alter  the  properties  of  the  copolymer  to  produce  materials  that 
have  the  desired  physical  and  mechanical  properties. 

After  curing,  the  experimental  block  copolymers  had  glass- 
transition  temperatures  from  165  to  220°  C  Some  had  two 
glass  transitions,  corresponding  to  the  arylene  ether  seg- 
ments and  to  the  imide  segments,  indicating  phase  separa- 
tions in  the  copolymer  films  due  to  incompatibilities  between 
the  block  segments  of  higher  molecular  weights.  The  block 
copolymers  also  had  broad  crystalline  melting  temperatures 
(T  's)  from  335°  C  to  355°  C  Some  had  two  T/s  and, 

x     m     '  m  ' 

therefore,  possibly  two  crystalline  forms.  Solution-cast, 
unoriented  films  of  the  block  copolymers  were  tough  and 
flexible  with  tensile  strengths,  tensile  moduli,  and  elongations 
at  break  up  to  1 6,200  psi  (1 1 2MPa),  535,000  psi  (3.69  GPa), 
and  8  percent,  respectively,  at  25°  C  Depending  on  the  glass- 
transition  temperatures  of  the  arylene  ether  segments,  some 


block  copolymers  maintained  good  mechanical  properties  at 
177°  C 

Moldings  were  prepared  from  copolymers  that  had  been 
solution-imidized,  by  distilling  toluene/water  azeotropic  mix- 
tures from  the  reactions  at  155°  C  for  16h  to  form  powders. 
The  powders  were  compression-molded  in  stainless-steel 
molds  in  hydraulic  presses  with  electrically  heated  platens. 
The  moldings  were  machined  into  compact  tension  speci- 
mens and  tested  fortoughness.  Values  forthe  homopolymers 
were  found  to  be  extremely  high,  and  values  for  the  copoly- 
mers were  found  to  be  excellent  and  to  increase  with  increas- 
ing lengths  of  the  blocks. 

The  copolymers  exhibit  high  toughness  and  other  desir- 
able mechanical  properties  in  the  form  of  films,  moldings, 
adhesives,  and  composite  matrices.  The  copolymers  are 
potentially  useful  in  a  variety  of  high-temperature  aerospace 
and  microelectronic  applications. 

This  work  was  done  by  Brian  J.  Jensen  and  Paul  M. 
Hergenrother  of  Langley  Research  Center  and  Robert  G.  Bass 
of  Virginia  Commonwealth  University. 

This  invention  is  owned  by  NASA,  and  a  patent  application 
has  been  filed.  Inquiries  concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development  should  be  addressed 
to  the  Patent  Counsel,  Langley  Research  Center.  Refer  to 
LAR-14264/TN. 

Langley  Research  Ctr. 
Technology  Utilization 
Officer  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
Patent  Counsel 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Alloy  Has  High  Fatigue  Strength  in  Hydrogen 

High-energy  microstructural  surfaces  that  entrap  hydrogen  are  largely  eliminated. 


An  experimental  nickel-base  alloy  ex- 
hibits exceptional  low-cycle-fatigue  strength 
in  hydrogen.  The  alloy  is  one  of  many  that 
are  intended  to  be  produced  by  the  strat- 
egy of  (1)  formulating  compositions  that 
have  the  potential  for  exceptional  low-cy- 
cle-fatigue strength  in  air,  (2)  casting  these 
alloys  into  single  crystals,  and  (3)  proc- 
essing these  crystals  in  such  ways  that 
their  microstructures  contain  minimal 
numbers  of  both  sites  that  favor  the  initia- 
tion of  fatigue  and  sites  that  have  high  sur- 
face energies  for  the  entrapment  of,  and 
infiltration  by,  hydrogen. 

The  third  step  is  essential  because  the 
combination  of  sites  of  the  two  types  leads 
to  embrittlement  by  hydrogen  and  the  con- 
sequent loss  of  resistance  to  fatigue.  This 
process  of  embrittlement  requires  not  on- 
ly a  source  of  hydrogen  but  also  the  dis- 
sociation of  hydrogen  molecules  into  hy- 
drogen atoms  on  the  surface  of  the  metal, 
the  migration  of  the  hydrogen  atoms  into 
the  metal,  and  the  recombination  of  the 
hydrogen  atoms  into  molecules  of  hydro- 
gen gas  at  the  high-surface-energy  interior 
sites.  Traditionally,  these  sites  have  been 
identified  as  grain  boundaries,  interfaces 
between  inclusions  and  the  metal  matrix, 
pores,  cavities,  and  voids.  More  recently, 
the  interfaces  between  the  7  and  y'  sub- 
phases  of  the  7/7'  eutectic  phases  of  su- 
peralloys  have  been  identified  as  such  sites. 
In  the  new  alloy  concept,  the  composi- 
tion is  chosen  to  obtain  high  strength  and 
a  high  volume  fraction  of  7'.  Such  an  alloy 
is  amenable  to  a  heat  treatment  that  takes 
all  the  7'  in  the  microstructure  into  solu- 
tion and  reprecipitates  it  as  fine,  uniform 
particles.  This  treatment  also  eliminates 
the  high-energy  7/7'  eutectic  phase,  which 
commonly  forms  in  alloys  that  contain  high 
volume  fractions  of  the  7  phase.  In  general, 
the  composition  of  such  an  alloy  satisfies 
the  following  criteria: 
1.4.11Re  +  5.15Cr  +  14.10V-24.92Ti-15.5 
Nb-0.63W  +  110-7.04Ta-10.42AI  + 
1.1lCo-80Hf  ^  0,  where  each  standard 
chemical  symbol  denotes  the  weight  per- 
centage of  the  corresponding  element; 
and 
2.  the  proportions  of  carbon,  boron,  oxygen, 
and  nitrogen  are  all  less  than  200  parts 


PWA1480  Alloy 


Experimental  Alloy 

The  Microstructures  of  Two  Alloys  are  different  in  ways  that  affect  their  abilities  to  resist 
embrittlement  by  hydrogen.  The  PWA1480  alloy  contains  large  eutectic  islands  (A)  and 
incipient  melted  regions  (B),  while  the  experimental  alloy  contains  a  fully-solid-solution 
microstructure  with  neither  incipient  melted  regions  nor  porosity. 


206 


per  million  by  weight. 

Inclusions  are  eliminated  by  taking  prop- 
er precautions  during  melting.  For  exam- 
ple, to  prevent  the  formation  of  carbide, 
boride,  and  nitride  phases,  the  interfaces 
of  which  with  the  metal  matrix  are  surfaces 
of  high  energy,  one  refrains  from  inten- 
tionally adding  boron,  carbon,  and  nitrogen 
to  the  alloy.  All  pores,  cavities,  and  voids 
can  be  eliminated  by  hot  isostatic  press- 
ing after  initial  casting. 

The  experimental  alloy  was  formulated 
and  processed  according  to  this  concept 
and  compared  with  the  previously  best 
single-crystal  alloy,  PWA1480,  which  had 
been  processed  under  standard  conditions. 
The  resistance  of  a  notched  specimen  of 
the  new  alloy  to  low  cycle  fatigue  in  air  at 
room  temperature  proved  to  be  an  order 


of  magnitude  greater  than  that  of  PWA1480. 
The  low-cycle-fatigue  strength  of  the  new 
alloy  in  hydrogen  at  room  temperature  was 
found  to  be  almost  equivalent  to  that  of 
PWA1480  in  air. 

The  microstructures  of  the  two  alloys 
are  quite  different,  as  shown  in  the  figure. 
The  microstructure  of  PWA1480  cannot  be 
fully  homogenized  because  it  contains 
large  volume  fractions  of  7/7'  eutectic  is- 
lands, which  cannot  be  dissolved  without 
excessive  incipient  melting.  However,  the 
new  alloy  contains  a  fully-solid-solution  mi- 
crostructure that  contains  neither  7/7'  eu- 
tectics,  nor  incipient  regions,  nor  porosity. 

This  work  was  done  by  Alan  D.  Cetel, 
Bradford  A.  Cowles,  David  N.  Duhl,  Daniel 
P.  Deluca,  and  Maurice  L  Gell  of  United 
Technologies  Corp.  for  Marshall  Space 


Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel,  Mar- 
shall Space  Flight  Center.  Refer  to 
MFS-28464/TN.  " 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Development  of 
Composite  Panels 
for  Telescope  Mirrors 

Methods  of  design  and 
fabrication  are  discussed. 

A  report  describes  a  continuing  pro- 
gram for  the  development  of  lightweight 
hexagonal  graphite/epoxy  composite  pan- 
els intended  to  support  precisely  curved 
mirror  surfaces  that  can  be  assembled  into 
a  large  telescope  mirror.  The  telescope  is 
to  be  flown  in  orbit  around  the  Earth  to  ob- 
serve at  wavelengths  down  to  30  fim.  The 
report  discusses  development  require- 
ments, technical  decisions,  fabrication 
methods,  measurements  of  properties  of 
materials,  analytical  simulation,  and  ther- 
mal vacuum  testing. 

Each  panel  includes  a  face  sheet  that 
consists  of  layers  of  epoxy  reinforced  with 


graphite  fibers,  with  fibers  in  the  different 
layers  oriented  in  different  directions.  The 
face  sheet  is  built  up  on  an  aluminum 
honeycomb  core.  The  panel  is  designed 
to  bend  uniformly  about  any  lateral  axis 
and  to  conform  to  the  required  curved  mir- 
ror surface. 

The  panels  are  designed  on  the  basis 
of  a  mathematical  model  that  takes  into 
account  thermal,  structural,  and  optical 
properties  of  the  materials.  They  are  fabri- 
cated on  thermally  stable  ceramic  tooling 
and  cured  in  an  autoclave  according  to  a 
temperature-control  algorithm  that  mini- 
mizes residual  thermal  strain. 

In  the  initial  phase  of  the  program  de- 
scribed in  the  report,  a  panel  measuring 
0.9  m  and  a  panel  measuring  0.5  m  on 
a  side  were  fabricated!  The  reflecting  sur- 
face of  the  0.9-m  panel  was  found  to  dif- 
fer from  the  specified  surface  figure  by  10 
/tm  root  mean  square  (rms),  while  that  of 


the  0.5-m  panel  was  found  to  differ  by  4 
/*m  rms.  It  was  estimated  that  when  the 
temperature  is  reduced  from  room  tem- 
perature to  200  K.'the  rms  difference  be- 
tween the  actual  and  specified  surface 
figures  should  not  exceed  10  fim  and  5 
fim,  respectively.  The  areal  densities  of  the 
panels  are  only  6.5  and  3.5  kg/m2, 
respectively. 

Recent  developments  by  this  program 
have  resulted  in  0.9-m  panels  with  2  j*m 
rms  as  manufactured  surfaces.  The  meas- 
ured change  of  surface  precision  when 
the  temperature  is  reduced  from  room  to 
200  K  was  4  fim  rms. 

This  work  was  done  by  Robert  E. 
Freeland  and  Paul  M.  McElroy  of  Caltech 
and  Robert  D.  Johnston  of  Hexcel  Corp. 
for  NASA's  Jet  Propulsion  Laboratory. 
"Technical  Approach  for  the  Development 
of  Structural  Composite  Mirrors." 
NPO-17895/TN 
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Effects  of  Interference 
on  Scattering  by 
Parallel  Fibers 

Interference  decreases 
the  scattering  efficiency. 

A  report  discusses  the  radiative  transfer 
of  heat  through  fibrous  materials,  focus- 
ing on  the  interactions  between  electro- 
magnetic waves  scattered  from  individual 
fibers.  Such  scattering  and  interference 
affect  the  performances  of  ceramic  fabrics 
used  as  high-temperature  thermal  insulation. 

The  classical  theory  of  such  phenome- 
na is  based  on  the  assumption  that  each 
fiber  acts  independently  as  an  absorber 
and  scatterer  of  radiation,  unaffected  by 
the  presence  of  other  fibers.  However,  the 
highly-ordered,  closely-spaced,  parallel 
configuration  of  the  fibers  in  a  yarn  or 
fabric  affects  the  radiative  transfer  by  en- 
hancing interference  effects.  The  depar- 
ture from  the  assumption  of  independent 
scattering  arises  primarily  from  the  coher- 


ent addition  (i.e,  constructive  and  destruc- 
tive interference)  of  the  far-field  radiation 
scattered  by  the  fibers. 

Equations  for  the  coherent  addition  of 
the  scattered  waves  are  presented  and 
used  to  derive  equations  for  the  intensity 
of  the  scattered  radiation,  with  emphasis 
on  the  cases  of  evenly  spaced  coplanar 
fibers  and  randomly  positioned  fibers.  This 
theory  predicts  that  the  scattering  efficien- 
cy of  the  randomly  positioned  fibers  is  less 
than  that  predicted  by  the  independent- 
scattering  theory. 

Experiments  to  test  this  theory  are  de- 
scribed. In  essence,  they  involved  meas- 
urements of  the  scattering  from  an  array 
of  60  parallel,  closely  and  randomly  spaced, 
coplanar  quartz  fibers,  each  9/tm  in  diam- 
eter, at  wavelengths  from  2.5  to  15  /-im.  The 
results  of  the  experiments  confirm  the  pre- 
dictions of  the  theory.  More  specifically,  the 
two  significant  parameters  that  govern  the 
scattering  of  light  by  one  fiber  and  the  in- 
terference between  the  scattering  fields 
caused  by  the  proximity  of  other  fibers  are 


the  scaled  fiber  diameter,  ird/X  (where 
d  =  the  diameter  and  X  =  wavelength), 
and  the  scaled  distance  between  the  fi- 
bers, a/X  (where  a  =  the  distance).  These 
parameters  range  over  several  orders  of 
magnitude  as  the  wavelength  of  incident 
radiation  is  varied  over  the  range  of  interest 
in  the  experiments.  The  measurements  ex- 
hibit the  expected  oscillations  caused  by 
interference  and  validate  the  quantitative 
predictions  of  the  theory  for  size  parame- 
ters less  than  nr. 

This  work  was  done  by  Susan  M.  White 
of  Ames  Research  Center  and  Sunil 
Kumar  of  the  University  of  California.  Fur- 
ther information  may  be  found  in  AIM 
paper  89A-43232,  "Interference  Effects  on 
Scattering  by  Parallel  Fibers." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street,  New 
York,  New  York  10019,  Telephone  No.  (212) 
247-6500.    ARC-12530/TN 
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Fluidized-Bed  Silane-Decomposition  Reactor 

Silicon  is  deposited  on  fluid-bed  particles  instead  of  on  the  reactor  walls. 


A  fluidized-bed  pyrolysis  reactor  pro- 
duces high-purity  polycrystalline  silicon 
from  silane  or  a  halosilane  via  efficient 
heterogeneous  deposition  of  silicon  on 
silicon  seed  particles.  The  formation  of 
silicon  dust  via  the  homogeneous  decom- 
position of  silane  is  minimized,  and  the 
deposition  of  silicon  on  the  wall  of  the 
reactor  is  effectively  eliminated.  The  silicon 
can  be  used  to  construct  solar  cells  and 
other  semiconductor  products. 

Closed  to  the  surroundings,  the  reac- 
tor (see  figure)  has  an  inlet  for  the  entrance 
of  the  silane  (and/or  halosilane)  feed 
stream,  another  inlet  for  recirculated  by- 
product gases,  a  boot  separator  for  the 
removal  of  silicon  particles,  and  an  upper 
outlet  (not  shown)  for  the  removal  of  the 
byproduct  gasses.  Silicon  seed  particles, 
introduced  into  the  entering  stream  of 
byproduct  gas  below  the  gas-distribution 
zone,  are  fluidized  and  carried  upward  in 
the  feed  stream  through  an  upwardly  in- 
creasing temperature  gradient.  As  the  mix-. 
ture  of  particles  and  gases  passes  through 
the  reaction  zone  (where  the  temperature 
increases  with  height  from  a  range  of 
about  450  to  650  °C  at  the  lower  end  to 
about  65C  to  800  °C  at  the  upper  end),  ef- 
fectively all  of  the  feed  stream  is  decom- 
posed, the  resulting  silicon  depositing  on 
the  seed  crystals. 

About  70  to  90  percent  of  the  total  heat 
input  of  the  reactor  is  provided  at  the 
heating  zone,  heating  the  fluidized  silicon 
particles  to  a  temperature  of  650  to 
800  °C.  These  hot  particles  are  returned 
to  the  reaction  zone  by  the  mixing  action 
of  the  fluidized  bed,  thereby  heating  the 
reaction  zone.  There,  these  hot  particles 
cause  the  heterogeneous  decomposition 
of  the  feed  stream,  and  more  silicon  is 
deposited  on  their  surfaces.  Because  the 
wall  of  the  reactor  is  relatively  cool  in  this 
zone,  the  deposition  of  silicon  on  the  hot 
particles  is  greatly  favored  over  deposition 
on  the  wall.  When  the  silicon  particles 
have  achieved  diameters  from  about  400 
to  about  1 ,500  fim  or  larger  depending  on 
the  size  of  the  reactor,  they  descend  from 
the  reaction  zone  into  the  collector. 

In  the  gas-distribution  zone,  which  is  im- 
mediately below  the  reaction  zone,  the  wall 
of  the  reactor  is  cooled  to  a  temperature 
between  about  200  °C  and  about  400  °C 
by  a  flow  of  water,  nitrogen,  or  the  like  At 


this  temperature,  negligible  decomposition 
of  silane  and/or  halosilane  to  silicon  oc- 
curs. Because  of  the  relatively  high  con- 
centrations of  silane  and/or  halosilane  in 
this  region,  any  formation  of  silicon  would 
be  predominantly  via  a  homogeneous  re- 
action, which  would  produce  silicon  dust. 
Such  dust  could  obstruct  openings  in  this 
part  of  the  reactor  and  would  require  costly 
additional  handling  for  recovery  and  con- 
solidation for  melting;  this  handling  also 
would  increase  the  risk  of  contaminating 
the  ultrapure  silicon  and  result  in  some 
loss  of  material. 

In  one  version  of  this  reactor,  10  kW  of 
heating  power  and  a  feed  stream  of  21.6 
volume  percent  silane,  introduced  at  a 


temperature  of  about  25  °C  and  a  pressure 
of  about  30  psig  (0.2  MPa),  yielded  1  kg 
of  silicon  per  hour.  This  corresponds  to  an 
energy  efficiency  approximately  30  times 
that  of  the  Siemens  process. 

This  work  was  done  by  Sridhar  K.  lya 
of  Union  Carbide  Corp.  for  NASA's  Jet 
Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention,  covered  by  U.S.  Patent 
No.  4,818,495.  Inquiries  concerning  rights 
for  its  commercial  use  should  be 
addressed  to 

Union  Carbide  Corporation 

39  Old  Ridgebury  Road 

Danbury,  CT  06817-0001 
Refer  to  NPO-18014/TN. 
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In  this  Fluidized-Bed  Silane-Decomposition  Reactor,  silane  decomposes  into  silicon 
and  byproduct  hydrogen  on  the  surfaces  of  hot  silicon  particles  in  the  reaction  zone 
but  does  not  decompose  on  the  relatively  cool  reactor  wall. 
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Measuring  Electrical  Resistivity  of  Compacted  Powder 

A  simple  device  compacts  a  specimen  and  measures  both  its  resistance  and  its  dimensions. 


A  slightly  modified  micrometer  is  used 
in  conjunction  with  a  special  cup  to  meas- 
ure the  electrical  resistance  of  a  specimen 
of  powder  as  a  function  of  the  packing 
fraction.  The  powder  is  pressed  between 
the  anvils  of  the  micrometer,  which  make 
electrical  contact  with  the  specimen.  This 
device  could  be  used  in  manufacturing 
batteries,  for  example,  to  determine  the  ef- 
fective electrical  conductivities  of  powders 
that  are  to  be  loaded  into  plastic  sheets 
to  make  battery  substrates.  Coupled  with 
a  good  mathematical  description  of  the  ex- 
pected conductivity  of  a  particulate  com- 
posite as  a  function  of  packing  density,  this 
device  could  serve  as  a  tool  for  evaluating 
the  conductivity  of  a  dispersed  phase,  as 
well  as  for  evaluating  the  electrical  resist- 
ances of  interparticle  contacts. 

The  procedure  for  measuring  the  re- 
sistivity of  a  specimen  of  powder  as  a  func- 
tion of  the  packing  fraction  is  straightfor- 
ward (see  figure).  First,  the  empty  cup  is 
inserted  in  the  micrometer,  which  is  then 
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closed  until  the  ohmmeter  shows  a  low 
resistance.  Then  the  ohmmeter  is  adjusted 
to  zero,  and  the  null  reading  of  the  microm- 
eter is  recorded.  Next,  the  cup  is  removed 
from  the  micrometer,  weighed,  filled  with 
powder,  and  weighed  again,  the  net  weight 
of  the  powder  being  recorded.  Then  the 
filled  cup  is  inserted  into  the  micrometer, 
which  is  then  closed  until  a  measurable 
electrical  resistance  is  detected.  The  mi- 
crometer is  then  closed  further,  in  suc- 
cessive increments  of  0.002  in.  to  0.005 
in.  (0.05  mm  to  0.1  mm),  while  the  elec- 
trical resistance  is  recorded  at  each  mi- 
crometer setting.  Finally,  the  data  are  fed 
into  a  simple  personal-computer  spread- 
sheet program,  which  calculates  the  re- 
sistivity from  the  resistance  and  dimen- 
sions of  the  specimen  and  the  packing 
density  from  the  weight  and  dimensions 
of  the  specimen. 

This  work  was  done  by  Paul  J.  Shlichta 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-18056/TN 


A  Specimen  of  Powder  Is  Compressed 

between  the  anvils  of  a  micrometer,  and 
its  electrical  resistance  is  measured  via 
the  anvils,  which  also  serve  as  contacts. 
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Using  Smart  Lasers  to  Unclog  Arteries 


A  laser  microsurgery  system  that 
identifies  fatty  deposits  and  reopens 
clogged  arteries  promises  to  alleviate 
some  of  the  risks  associated  with  cur- 
rent treatments  for  atherosclerosis, 
according  to  researchers  at  the  Massa- 
chusetts Institute  of  Technology  in 
Cambridge  and  the  Cleveland  Clinic 
Foundation  in  Cleveland,  Ohio. 
Called  LAS  II  (for  Laser  Angiosurgery 
System  II),  the  system  is  unique  in 
that  a  single  catheter  is  used  for  both 
diagnosis  and  treatment,  and  com- 
puter control  of  the  cutting  lasers  pro- 
tects against  accidental  removal  of 
healthy  tissue,  says  Dr.  Michael  S. 
Feld,  professor  of  physics  and  director 
of  the  MIT  George  R.  Harrison  Spec- 
troscopy Laboratory.  LAS  II  is  now 
being  used  in  a  clinical  trial  to  un- 
block the  coronary  arteries  of  10  pa- 
tients at  the  Cleveland  Clinic. 


Artery  disease  is  the  leading  cause 
of  death  and  disability  in  the  United 
States,  says  Dr.  Feld,  and  a  common 
manifestation  involves  the  accumula- 
tion of  calcified  fatty  deposits  known 
as  atherosclerotic  plaques,  which  can 
obstruct  blood  flow  and  thus  lead  to 
stroke  or  heart  attack.  Today  one  of 
the  most  widely  used  and  inexpen- 
sive methods  for  unblocking  arteries 
is  balloon  angioplasty,  in  which  a  nar- 
row balloon  is  inserted  into  the 
clogged  region  and  inflated,  opening 
the  passage  by  pushing  the  plaque 
against  the  vessel  walls.  This  treat- 
ment, however,  traumatizes  the  ar- 
tery by  abrading  and  distending  it. 
Trauma  is  a  recognized  cause  of  re- 
stenosis, or  recurrence  of  blockage,  he 
says.  "In  developing  LAS  II,  our  over- 
all goal  was  to  find  a  less  traumatic 
way  to  remove  plaque  and  thereby 
avoid  the  high  rate  of  restenosis  asso- 
ciated with  balloon  angioplasty." 

The  cornerstone  of  the  LAS  II  sys- 
tem is  the  concept  that  diagnosis 
guides  treatment,  says  Dr.  Feld.  A 
catheter  containing  12  optical 
fibers — each  approximately  as  thick 
as  a  human  hair — is  inserted  into  a 
clogged  artery,  and  the  rounded  tip  is 
pressed  against  the  plaque. 

The  system  uses  laser-induced  fluo- 
rescence spectroscopy  to  determine 
which  parts  of  the  tip  are  touching 
plaque  and  which  parts  are  in  contact 
with  normal  tissue.  Higher  energy 


When  inserted  into  an  artery,  the  12 
optical  fibers  of  the  LAS  II  catheter  carry 
laser  light  to  an  atherosclerotic  plaque  to 
diagnose  or  ablate  the  tissue.  At  the 
catheter  tip,  the  light  emitted  by  the 
fibers  completely  covers  the  face  of  the 
optical  shield,  enabling  the  surgeon  to 
selectively  and  completely  remove 
diseased  tissue  The  central  guidewire 
prevents  the  tip  from  pointing  directly  at 
the  artery  wall  and  allows  the  catheter  to 
traverse  a  winding  blood  vessel 
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ablation,  or  cutting,  lasers  are  then 
fired  over  the  optical  fibers  in  contact 
with  the  plaque  to  remove  a  thin  layer 
of  it,  leaving  the  healthy  vessel  intact. 
As  the  catheter  gradually  advances 
through  the  artery,  the  diagnosis/ 
ablation  sequence  is  repeated  until 
the  entire  plaque  is  removed. 

The  LAS  II  system  integrates  four 
separate  lines  of  research:  catheter 
design,  spectroscopy,  ablation,  and 
computer  control.  For  nearly  a  decade 
Dr.  Feld  and  his  colleagues  have 
worked  toward  reducing  arterial 
trauma  by  improving  catheter  design 
and  choosing  the  best  lasers  for  diag- 
nosis and  tissue  removal. 

"Our  first  objective  in  developing 
the  system  was  to  have  nontraumatic 
delivery  of  light.  To  achieve  that  we 
developed  the  concept  of  multiple  fi- 
bers in  the  catheter,"  says  Dr.  Feld. 
The  12  quartz  fibers  are  arranged  in 
the  catheter  such  that  the  light  they 
emit  overlaps  and  covers  the  entire 
face  of  the  optical  shield,  a  rounded 
transparent  structure  at  the  tip.  The 
optical  shield  is  about  the  size  of  the 
head  of  a  pin  and  has  the  same  diam- 
eter as  the  catheter,  1.6  mm. 

The  480  nm  wavelength  was  chosen 
in  part  because  the  blue  light  pene- 
trates 300-400  micrometers  into  the 
tissue,  whereas  the  ablation  light  re- 
moves only  100-150  micrometers  of 
plaque.  "The  device  always  'sees' 
more  than  it  is  about  to  ablate,  which 
is  another  safety  precaution  that 
helps  to  prevent  accidental  removal  of 
healthy  artery,"  adds  Dr.  Rava. 

A  second  reason  for  choosing  480 
nm,  Dr.  Rava  says,  is  that  this  wave- 
length allows  the  spectrograph  to  dis- 
tinguish three  types  of  material 
important  to  atherosclerosis:  struc- 
tural proteins,  ceroid,  and 
hemoglobin. 

"When  an  atherosclerotic  plaque  is 
growing,  the  structural  protein  colla- 
gen accumulates  in  the  top  layer  of 
the  tissue,  which  our  spectroscopy 
can  detect.  As  the  disease  progresses, 
the  body  begins  to  break  down  some 
of  the  lipids  and  fats  into  a  highly  flu- 
orescent material  called  ceroid,  which 
the  artery  can't  get  rid  of,"  says  Dr. 
Rava.  "As  the  ceroid  content  rises,  the 


plaque  becomes  more  extensive  and 
the  artery  more  diseased." 

Based  on  the  proportions  of  ceroid 
and  structural  proteins  at  each  fiber 
tip,  the  computer  categorizes  the  12 
overlapping  regions  as  "normal," 
"soft  plaque/'  or  "calcified  plaque" 
and  the  results  are  displayed  on  a 
computer  touch  screen. 

Once  the  diagnosis  is  complete,  the 
computer  initiates  the  ablation  se- 
quence. "The  computer  does  a  statis- 
tical analysis  to  determine  the 
probability  that  the  tissue  in  front  of 
each  fiber  is  plaque.  If  the  probability 
is  greater  than  70  percent,  and  if  at 
least  three  contiguous  fibers  all  give 
the  same  information,  then  the  com- 
puter instructs  the  ablation  lasers  to 
fire  down  those  fibers,"  says  Dr.  John 
R.  Kramer,  a  staff  cardiologist  who  is 
overseeing  the  clinical  aspects  of  the 
LAS  II  research  at  the  Cleveland 
Clinic.  Ablation  light  is  never  fired 
down  only  one  fiber. 


Additional  reading: 

1.  Albagli,  D.,  Cothren,  R.,  Jr.,  Das- 
ari,  R.  R.,  et  al.,  LAS  II:  An  integrated 
system  for  spectral  diagnosis,  guid- 
ance, and  ablation  in  laser  angiosur- 
gery.  In  Future  Directions  in 
Interventional  Cardiology,  II  (Vogel,  J.  H. 
K.,  ed.).  Chicago,  Illinois:  C.  V. 
Mosby,  in  press. 

2.  Sacks,  B.  A.,  Feld,  M.  S.,  and 
Greenfield,  A.  J.,  Laser  angiosurgery. 
In  Peripheral  Vascular  Imaging  and  Inter- 
vention (Kim,  D.  and  Orron,  D.,  eds.). 
Chicago,  Illinois:  C.  V.  Mosby,  in 
press. 

3.  Richards-Kortum,  R.,  Mehta,  A., 
Hayes,  G.,  et  al.  Spectral  diagnosis  of 
atherosclerosis  using  an  optical  fiber 
laser  catheter.  Progress  in  Cardiology 
118:381-391,  1989. 
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New  Method  More  Accurately  Measures  Body  Fat  in 
Patients 


Researchers  are  able  to  measure  body  fat  in  patients 
with  unprecedented  accuracy,  thanks  to  a  small  device 
that  emits  rapid,  steady  pulses  of  subatomic  particles. 

The  instrument — a  neutron  generator  developed  at 
Sandia  National  Laboratories — makes  it  possible  to 
measure  the  amount  of  carbon  contained  in  the  body. 
This,  in  turn,  is  an  indicator  of  how  much  fat  is  present. 

The  technique  is  being  used  to  study  changes  in 
body  composition  due  to  aging  and  to  improve  the 
accuracy  of  existing  measurement  methods.  It  is  also 
being  used  to  study  changes  in  lean  body  mass  resulting 
from  age-related  diseases  such  as  rheumatoid  arthritis, 
studies  that  could  eventually  lead  to  a  better  under- 
standing of  those  diseases  and  hence  better  methods  of 
treatment. 

"We  hope  that  the  more  we  understand  about  age- 
related  diseases,  the  more  we  can  postpone  or  delay 
them."  says  Joseph  Kehayias.  director  of  the  Body 
Composition  Laboratory  at  Tufts  University.  "We  can't 
stop  the  aging  process,  but  the  more  we  know  about  the 
relationship  between  body  fat,  health,  functional  capa- 
bility, and  aging,  the  better  we're  able  to  maintain  or 
improve  people's  quality  of  life." 

The  neutron  generator  has  been  used  lor  the  past 
year  at  Tufts'  Body  Composition  Laboratory,  which  is 
part  of  the  U.S.  Department  of  Agriculture  Human 
Nutrition  Research  Center  on  Aging.  Because  most  of 
the  body's  carbon  is  contained  in  fat  molecules,  mea- 
surements of  carbon  can  be  used  to  determine  percent- 
age body  fat. 

More  direct,  more  accurate 

The  technique  provides  a  more  direct  and  accurate 
method  for  measuring  body  fat  because  it  does  not  rely 
on  basic  assumptions  on  body  composition  that  existing 
methods  do.  These  assumptions  are  based  on  character- 
istics of  the  average,  healthy  person  and  often  fail  to 
account  for  differences  in  elderly  patients  or  those  with 
chronic  diseases.  Consequently,  techniques  such  as 
water  displacement  and  skinfold  measurements  may 
produce  inaccurate  results  for  these  patients. 

As  people  get  older,  their  bodies  tend  to  get  less 
dense  as  they  lose  lean  body  mass  and  gain  fat.  The 
difference  in  skin  elasticity  and  body  fat  location 
between  young  and  elderly  people  can  affect  the  accu- 
racy of  existing  test  methods,  Kehayias  says. 


To  the  patient,  the  procedure  for  measuring  total 
body  carbon  is  similar  to  that  for  a  CAT  (computer- 
aided  tomography)  scan.  A  motorized,  track-mounted 
bed  moves  the  patient  over  a  neutron  source  between 
two  gamma  ray  detectors.  An  entire  body  scan  takes  24 
minutes  regardless  of  the  person's  height  and  exposes 
the  patient  to  a  radiation  dose  approximately  equivalent 
to  one  third  of  a  chest  X-ray. 

Neutrons  entering  the  body  collide  with  atoms,  and 
part  of  their  kinetic  energy  is  transformed  into  another 
form  of  energy,  gamma  rays,  which  are  emitted  from  the 
body.  Using  the  detectors,  a  gamma  ray  energy  spectrum 
is  generated  on  a  computer  monitor.  The  spectrum's 
peaks  correspond  to  specific  elements  and  their  concen- 
trations. In  this  case,  gamma  rays  collected  at  the  energy 
range  corresponding  to  carbon  are  analyzed  and  mea- 
sured. 

Because  fat  is  the  main  contributor  to  carbon  in  the 
body,  the  amount  of  carbon  can  be  used  to  determine  the 
amount  of  body  fat  once  an  adjustment  is  made  to 
account  for  carbon  found  in  body  proteins  and  other 
molecules.  Kehayias  has  developed  a  total  body  carbon 
(TBC)-fat  model  that  calculates  and  eliminates  from 
consideration  the  carbon  found  in  protein,  glycogen,  and 
bone  ash.  Slight  inaccuracies  in  those  measurements 
have  a  negligible  effect  on  the  final  carbon  count. 

A  clinical  research  tool 

Other  neutron  generators  have  been  used  in  body 
composition  studies,  but  one  producing  faster  neutron 
pulses  was  needed  for  carbon  detection.  At  the  heart  of 
the  Sandia-developed  generator,  which  essentially  is  a 
miniature  particle  accelerator,  are  two  Zetatron  vacuum 
tubes  (designed  by  Sandia  and  built  by  (ieneral  Electric 
Neutron  Devices  Department.  Largo,  Fla.).  The  tube- 
consist  of  an  urn  source,  an  ion  accelerator,  and  a  metal 
target.  To  initiate  the  neutron  production  process,  .1 
mixture  of  deuterium  and  tritium  gas  is  introduced  into 
the  tube  by  heating  a  gas  reservoir.  The  mixture  is 
ionized  with  a  2.5  kilovolt  (kVJ  pulse,  and  a  separate  100 
kV  pulse  accelerates  the  ions  toward  the  targt-l  Neu- 
trons are  generated  by  the  beam's  interaction  with  the 
target.  Bursts  of  1.000  to  10.000  neutrons  are  produced 
by  each  tube  in  10  microsecond  pulses  -paced  about  200 
microseconds  apart. 
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Sandia  researchers  John  Weinlein,  Mike  O'Neal  and 
Frank  Bacon  developed  the  generator  and  its  electron- 
ics. 

The  generator  can  he  designed  to  identify  almost 
any  element,  Weinlein  says.  Originally  developed  as  an 
instrument  to  search  for  uranium  in  the  ground,  it  could 
also  be  used  to  determine  the  sulfur  content  of  coal. 

In  the  medical  arena.  Kehayias  envisions  the  neu- 
tron generator  being  used  primarily  for  clinical  research 
rather  than  for  widespread  body  fat  measurement  in 
doctor's  offices  and  hospitals. 

Kehayias'  research  has  already  produced  some  sur- 
prising results.  High  fat  readings  have  been  obtained 
from  seemingly  lean  elderly  patients.  In  a  cross-sectional 
study  of  individuals  ranging  in  age  from  20  to  102, 
Kehayias   found   that   the   percentage  of  fat  in  older 


people,  even  those  who  appear  thin,  increases  dramati- 
cally with  age. 

Kehayias  plans  to  expand  his  research  to  study  the 
effect  of  exercise  on  body  composition,  especially  as  the 
body  ages.  Technical  Contacts:  Frank  Bacon  (505) 
844-3945,  John  Weinlein  (Sandia)  (505)  844-5007,  and 
Joseph  Kehayias  (Tufts  Unw.)  (617)  556-3162.         ® 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-8066 

Refer  to  announcement  26  No.  10 
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Tests  Promote  Health 


Biomedical  researchers  at  Lawrence 
Livermore  National  Laboratory 
(LLNL)  are  working  on  an  emerging 
technology,  environmental  monitoring 
by  immunoassay,  that  may  well  change 
the  way  we  screen  for  toxic  chemical 
residues  in  food,  drinking  water,  and 
groundwater.  The      immunoassay 

method  is  based  on  the  concept  that  a 
chemical  antigen  (e.g.,  a  pesticide 
residue)  can  be  identified  by  the  an- 
tibody it  produces. 

The  Environmental  Protection  Agency 
(EPA),  the  United  States  Department 
of  Agriculture  (USDA),  and  the 
Department  of  Energy  (DOE)  have  all 
provided  funding  for  this  research. 
LLNL  scientists  plan  to  continue 
working  to  produce  more  immunoas- 
says and  are  currently  collaborating 
with  industry  to  develop  commercial 
products. 

The  researchers'  first  success  came 
when  they  produced  an  immunoassay 
for  dioxin,  the  now  well-known  chemi- 
cal found  in  herbicides  such  as  Agent 
Orange,  in  fires  involving  herbicides 
and  PCB  transformers,  and  in  chemi- 
cal waste. 

The  EPA  funded  the  research  to 
produce  the  dioxin  antibody.  This 
dioxin  assay  has  been  validated  in  soils 
and  industrial  chemicals,  and 
laboratory  scientists  currently  are 
working  on  applying  the  assay  to  milk 
and  other  food.  A  European  chemical 
firm  has  been  licensed  to  develop  and 
market  the  dioxin  assay  in  Europe,  and 
U.S.  licensees  are  being  sought  for  the 


domestic  market. 

More  recently,  in  response  to  a  USDA 
request,  laboratory  researchers 
produced  antibodies  for  compounds  of 
three  pesticide  residues  found  in  meat: 
permethrin,  dimetridazole,  and  hep- 
tachlor.  All  three  immunoassays  are 
now  being  used  by  the  USDA,  and 
these  immunoassays  also  are  available 
for  licensing. 

(Heptachlor  was  the  cause  of  tainted 
dairy  products  in  Hawaii  a  few  years 
ago.  It  was  sprayed  on  pineapples,  the 
tops  were  sold  as  feed  to  cattle 
farmers,  and  the  heptachlor  turned  up 
in  dairy  products  produced  by  the  cat- 
tle.) 

Screening  by  immunoassay  is  much 
quicker,  simpler,  and  cheaper  than  the 
conventional,  widely  used  procedures 
of  high-pressure  liquid  or  gas 
chromatography.  In  addition,  the  new 
method  has  the  potential  for  being 
made  available  in  inexpensive  kits  that 
allow  untrained  personnel  to  perform 
these  tests. 

The  kits  could  be  used  in  slaughter 
houses,  grocery  stores,  food  processing 
plants,  and  even  in  private  homes  to 
screen  for  pesticide  residues.  Costs 
drop  from  hundreds  of  dollars  per 
sample  using  conventional  methods  to 
perhaps  $5  a  sample  using  immunoas- 
says, and  results  can  be  obtained  in 
minutes  rather  than  days. 

For  further  information,  contact  Char- 
les Miller,  (510)  422-6416. 
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Compensating  for  Movement  of  Eye  in  Laser  Surgery 

An  optical  joint  transform  would  track  the  lateral  position  of  the  retina. 


A  conceptual  system  for  laser  surgery 
of  the  retina  would  include  a  subsystem 
that  would  track  the  position  of  the  retina. 
The  tracking  signal  would  be  used  to  con- 
trol galvanometer-driven  mirrors  that 
would  keep  the  laser  aimed  at  the  desired 
spot  on  the  retina  as  the  eye  moves.  Alter- 
natively or  additionally,  the  indication  of  po- 
sition could  be  used  to  prevent  the  firing  of 
the  laser  when  the  eye  has  moved  too  far 
from  the  proper  aiming  position. 

The  retina  would  be  viewed  continuous- 
ly by  a  video  camera.  An  initial  frame  of 
video  would  be  recorded  as  a  positional 
reference.  Thereafter,  the  reference  im- 
age and  the  current  image  would  be  pre- 
sented on  two  halves  of  a  spatial  light  mod- 
ulator to  obtain  the  optical  joint  Fourier 
transform.  The  spatial  light  modulator 
would  impress  the  two  images  on  a  coher- 
ent wavef  ront,  and  the  joint  transform  cor- 


relation would  thus  be  formed  rapidly.  The 
location  of  the  bright  spot  in  the  correlation 
plane  (the  correlation  peak)  would  repre- 
sent directly  the  difference  between  the 
lateral  positions  of  the  current  and  refer- 
ence images. 

The  image  in  the  correlation  plane  could 
be  digitized  and  processed  conventionally 
to  obtain  the  signal  indicative  of  the  loca- 
tion of  the  correlation  peak  —  the  tracking 
signal.  In  the  alternative  version,  a  simpler 
array  of  detectors  —  for  example,  a  cen- 
tral detector  and  a  surrounding  ring- 
shaped  detector  —  would  provide  a  simp- 
ly and  speedily  processable  signal  that 
would  indicate  whether  the  correlation 
peak  lies  within  a  predetermined  positional 
tolerance.  In  this  case,  the  sizes  and  spac- 
ing of  the  detectors  would  be  calculated  to 
support  use  in  a  fast,  simple  logical  inhibi- 
tion of  the  surgical  laser  when  the  eye  is 


too  widely  mispositioned. 

This  work  was  done  by  Richard  D. 
Juday  of  Johnson  Space  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21509/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483^871 
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Sensing  Temperatures  Via  Prostheses  and  Manipulators 

Heat  and  cold  are  applied  to  the  operator's  back. 


A  proposed  temperature-sensing  sys- 
tem would  apply  heat  to  (or  remove  heat 
from)  a  human  user's  skin  according  to  the 
temperature  of  a  remote  object.  The  sys- 
tem would  be  used  in  artificial  limbs  and 
in  telerobotic  manipulators. 

In  a  prosthetic  arm  and  hand,  for  exam- 
ple, temperature  sensors  on  the  tips  of  the 
artificial  fingers  would  send  signals  to  an 
electronic  control  network  that  would  drive 
a  small,  lightweight  thermoelectric  heat 
pump  worn  on  the  back  of  the  user's  shoul- 
der (see  figure).  The  heat  pump  would  heat 
or  cool  the  skin  according  to  the  signals 
from  the  temperature  sensors.  Unlike  in 
a  prior  temperature-sensing  system  for 
prostheses,  it  would  not  be  necessary  to 
implant  electrodes  in  the  skin  to  transmit 
the  sensation  of  temperature.  The  heat 
pump  and  control  network  would  be  worn 
like  an  article  of  clothing.  A  limiting  circuit 
would  prevent  the  heat  pump  from  heating 
or  cooling  the  skin  excessively. 

In  manual  control  of  a  remote  robot, 
temperature  sensors  would  be  placed  in 
the  fingers  of  a  remote  manipulator.  The 
sensors  would  drive,  via  a  similar  electron- 
ic control  network,  thermoelectric  heat 
pumps  in  the  fingers  of  a  glove  worn  by 
the  operator,  who  would  then  have  the 
benefit  of  information  about  the  tempera- 
tures on  the  manipulated  object,  in  addi- 
tion to  the  usual  information  from  tactile 
sensors.  A  sensing  system  of  this  kind 


Thermoelectric 
Heat  Pump 


A  Thermoelectric  Heat  Pump  would  heat  or  cool  skin  on  the  back  of  the  shoulder,  ac- 
cording to  the  temperature  sensed  by  the  fingertips  of  the  prosthesis. 


could  also  be  incorporated  in  a  protective 
garment  to  give  a  wearer  more  complete 
information  on  the  environment. 

Yet  another  potential  application  is  as 
an  emergency  alarm.  For  example,  an  op- 
erator in  a  chemical  or  power  plant  could 
wear  a  light  glove  with  thermoelectric  heat 
pumps  in  the  fingers,  each  representing 
the  condition  of  a  process  variable.  An  out- 
of-limits  condition  would  produce  heat  in 


the  appropriate  finger,  and  the  operator 
would  quickly  perceive  a  potentially  hazard- 
ous situation  without  having  to  look  in  any 
particular  direction  to  observe  a  panel  in- 
dicator. 

This  work  was  done  by  Mike  Zerkus  of 
Krug  International  for  Johnson  Space 
Center.  MSC-21676/TN 
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Source  and  Sink  of  Iodine  for  Drinking  Water 

Iodine  from  a  temperature-controlled  iodinated  ion-exchange  bed  would  kill  microbes  in  water. 


A  proposed  system  for  controlling 
the  concentration  of  iodine  in  potable 
water  would  exploit  the  temperature 
dependence  of  the  equilibrium  parti- 
tion of  iodine  between  solution  in  water  and  residence  in 
an  ion-exchange  resin.  The  system  would  be  used  to 
maintain  the  concentration  of  iodine  sufficient  to  kill 
harmful  microbes,  but  not  so  great  as  to  make  the  water 
unpalatable.  The  system  would  require  little  attention,  yet 
would  control  the  concentration  of  iodine  more  precisely 
than  do  iodination  and  deiodination  by  manual  tech- 
niques. Conceived  for  use  aboard  a  spacecraft,  the 
system  may  have  terrestrial  applications  in  regions  where 
water  must  be  kept  potable,  resupply  is  difficult,  and  the 
system  must  operate  largely  unattended. 

At  present,  manual  injection  is  the  only  procedure  for 
adding  iodine  at  will  to  spacecraft  water  systems.  More- 
over, although  iodine  can  be  removed  by  use  of  activated- 
charcoal  filters,  this  technique  does  not  lend  itself  to 
lowering  the  concentration  of  iodine  to  a  specified  level. 

The  proposed  system  would  include  a  temperature- 
controlled  iodinated  ion-exchange  bed  through  which 
water  from  a  potable-water  storage  tank  would  be  circu- 
lated by  a  pump.  By  controlling  the  temperature  of  the 
influent  water,  one  would  control  the  temperature  of  the 
ion-exchange  resin(R)  of  the  bed.  The  temperature  of  the 
bed  would,  in  turn,  determine  the  concentration  of  iodine 
in  the  effluent  water  via  the  equilibrium  chemical  reaction 

RI3^R|  +  I2 

This  reaction  would  be  independent  of  the  iodine  concen- 
tration in  the  influent  water,  depending  only  on  the 
temperature.  The  higher  the  temperature,  the  more  the 
equilibrium  would  lie  to  the  right  and  the  greater  the 


concentration  of  iodine  in  the  effluent  water  would  be. 

The  temperature  of  the  influent  water  and  bed  could  be 
controlled  by  a  heat  exchanger  immediately  upstream  of 
the  iodinated  ion-exchange  bed.  The  heat  exchanger 
could  be  of  conventional  design  or  based  on  the  Peltier 
effect,  in  which  heat  is  transported  to  or  from  a  junction 
of  two  dissimilar  metals  by  electric  current.  A  conven- 
tional heat  exchanger  would  be  relatively  energy-efficient 
and,  if  of  the  right  size,  could  heat  or  cool  the  influent 
water  quickly.  A  Peltier-effect  heat  exchanger  of  similar 
capacity  would  require  more  energy  to  operate  but  would 
have  no  fluid  loops  (other  than  that  of  the  influent  water) 
and  no  moving  parts. 

The  proposed  system  could  maintain  the  concentra- 
tion of  iodine  at  2  to  5  parts  per  million,  which  is  consid- 
ered optimal,  but  could  "shock"  the  system  with  a  concen- 
tration of  15  parts  per  million  or  more  to  overcome  high 
contamination.  The  system  could  also  decrease  the 
concentration  below  2  parts  per  million  to  maintain  some 
biocide  while  making  the  water  more  palatable.  Even  if 
not  automated,  the  system  would  reduce  the  amount  of 
attention  required.  Instead  of  manually  calculating  the 
required  amount  of  iodine  to  be  added  and  then  manually 
injecting  it,  an  operator  would  only  have  to  set  the 
concentration  of  iodine  by  setting  a  thermostat  calibrated 
in  the  concentration  equivalent  of  temperature  according 
to  the  equilibrium  chemical  reaction.  The  system  would 
require  a  minimum  amount  of  expendable  material  be- 
cause iodine  could  be  removed  and  stored  in  the  resin  for 
later  use. 

This  work  was  done  by  Richard  L  Sauer  of  Johnson 
Space  Center,  and  David  T.  Flanagan  and  Randall  E. 
Gibbons  of  Krug  International. 
MSC-21739/TN 
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Computer-Driven  Keratometer 

A  simple  optical  system  would  measure  corneal  deformations. 


A  proposed  instrument  would  measure  deformations  of  the 
surface  of  the  cornea.  The  keratometer  would  assist  in  the 
rapid  diagnosis  of  eye  ailments  and  preparation  of  the  cornea 
for  surgery.  Unlike  instruments  now  available,  the  proposed 
unit  would  not  require  critical  alignment  with  the  eye;  its  results 
would  therefore  be  more  reliable,  and  it  would  be  easier  to  use. 
Through  a  lens-and-reticle  system,  the  instrument  would 
project  a  series  of  rings  on  the  subject's  eye  and  capture  the 
reflected  rings  with  a  video  camera  (see  figure).  It  would 
superimpose  a  computer-stored  reference  image  (of  how  the 
reflection  of  the  reticle  from  a  correctly  shaped  version  of  the 
cornea  should  look)  on  the  actual  image  reflected  from  the 
subject's  eye.  In  the  absence  of  deformation  of  the  cornea,  the 
rings  of  the  real  and  reference  images  would  coincide.  If  the 
cornea  were  deformed,  some  or  all  of  the  rings  would  be 
displaced.  The  computer  would  analyze  the  displacement  to 
determine  the  amount  of  deformation  and  would  control  a 
display  of  the  shape  of  the  cornea. 

The  optical  portion  of  the  proposed  instrument  would  differ 
from  that  of  standard  keratometers  by  having  only  one  reticle 
instead  of  two.  Therefore,  the  optical  system  would  be  much 
simpler.  In  addition,  the  operator  would  not  have  to  align  the 
images  manually:  the  computer  would  determine  the  center  of 
the  reflected  ring  pattern  and  would  place  the  center  of  the 
reference  ring  pattern  on  it.  Fringes  from  misalignment — a 
substantial  problem  with  standard  keratometers — would  be 
avoided;  only  those  resulting  from  deformation  would  appear. 
This  work  was  done  by  Edmund  C.  Baroth  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517,  the  contractor  has 
elected  to  retain  title  to  this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17079/TN. 
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A  shuttered  laser  would  briefly  Illuminate  the  Subject's  Eye  through  a 
reticle,  thereby  projecting  concentric  rings  of  light  on  the  eye.  Reflected 
by  a  beam  splitter  and  mirror  into  a  solid-state  video  camera,  the  ring 
pattern  would  be  compared  with  a  reference  pattern  by  a  computer.  The 
laser  would  probably  be  of  a  helium/cadmium  type  with  blue  output. 

Jet  Propulsion  Lab. 
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Sandia  National  Laboratory 

Borehole  Seismic  Receiver  Improves  Imaging  of  Oil 
Fields 


Engineers  at  Sandia  National  Laboratories  have 
successfully  field  tested  a  seismic  device  that  could  help 
geoscientists  get  a  better  underground  picture  of  an  oil 
or  gas  field.  It  fits  deep  in  the  well  and  receives  seismic- 
waves  transmitted  through  the  underground  rock  forma- 
tions. 

Geoscientists  use  seismic  measurements  to  look  for 
petroleum-bearing  formations.  Conventional  seismic 
procedures  have  involved  generating  seismic 
waves — typically  by  detonating  explosives — on  the  sur- 
face. As  the  waves  are  reflected  from  underground  rock 
formations,  they  are  detected  by  geophones  on  the 
surface  and  processed  by  a  computer  to  give  a  picture  of 
the  subsurface.  Geoscientists  use  these  seismic  images  as 
clues  to  where  to  drill  for  oil  or  gas. 

Another  seismic  method,  called  cross-well  imaging, 
involves  placing  seismic  sources  and  receivers  in  sepa- 
rate wells  within  an  oil  or  gas  field.  Cross-well  imaging, 
although  more  difficult  to  implement,  gives  better  reso- 
lution than  surface  methods,  says  Gerard  Sleefe,  an 
engineer  in  Sandia's  Geoenergy  Technology  Department 
and  leader  of  the  downhole  receiver  project. 

Improved  over  earlier  downhole  receivers 

"The  disadvantage  of  surface  methods  lies  in  the  fact 
that  the  target  formation  may  be  several  miles  beneath 
the  surface.  That's  a  long  way  for  a  wave  to  travel,  so  by 
the  time  it  is  reflected  and  recorded  on  the  surface,  the 
wave  is  attenuated  and  the  higher  frequencies  are  Inst," 
Sleefe  explains. 

He  adds  that  surface  receivers  have  the  additional 
disadvantage  of  being  coupled  to  the  soft  surface  soil, 
which  further  attenuates  higher  frequencies.  A  downhole 
receiver  couples  directly  to  the  rock  near  the  zone  of 
interest,  resulting  in  improved  resolution. 

"A  source/receiver  system  used  in  the  cross-well 
configuration  gives  an  image  that  is  analogous  to  the 
medical  CAT  scan,"  says  Sleefe.  "While  surface  seismic 
methods  show  the  formation  from  only  one  side,  cross- 
well  methods  allow  us  to  view  the  target  formation  from 
multiple  angles." 

The  Sandia  receiver  offers  several  improvements 
over  previous  downhole  receivers.  A  broader  frequency 
range  and  a  new  type  of  sensor  offer  better  resolution.  In 
addition,  the  unit  has  been  designed  to  make  it  possible 
to  string  several  stations  in  an  array,  thereby  netting 
simultaneous  readings  at  many  levels  in  the  well." 


Engineers  Bruce  Engler  and  Gerard  Sleefe  display  new  high- 
resolution,  multiple-connection  borehole  seismic  receiver  devel- 
oped at  Sandia. 


"This  is  another  major  advantage,"  Sleefe  says.  "Cur 
rently,  to  get  readings  at  several  levels  with  a  single 
receiver,  you  have  to  move  the  receiver  for  each  source 
shot.  This  is  time-consuming  and  expensive  because  the 
well  has  to  remain  shut  down  during  the  entire  test 
period,"  he  explains. 

Solved  three  design  challenges 

The  Sandia  engineers  had  to  design  a  receiver  that 
locks  securely  into  a  well  bore  and  withstands  tin- 
intense  temperatures  and  pressures  encountered 
downhole.  The  task  of  designing  the  mechanical  package 
fell  to  Bruce  Engler,  who  works  with  Sleefe  in  Sandia's 
Geoenergy  Technology  Department. 

The  resulting  device  is  a  16-inch  long  steel  cylinder 
weighing  about  'W  pounds.  The  tool  is  I  inches  in 
diameter  and  is  locked  into  the  bore  by  a  motor  driven 
metal  pad  that  pushes  against  the  side  of  the  well. 

"The  design  challenges  were  actually  threefold," 
Sleefe  says.  "First,  we  had  to  solve  the  problem  ol 
mechanical  packaging.  Then  we  had  to  come  up  with  an 
appropriate  sensor.  And  finally  we  had  to  design  the 
data  telemetry." 
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The  Sandia  designers  experimented  with  two  differ- 
ent types  of  sensors  for  the  receiver.  They  first  looked  at 
the  conventional  geophone,  but  because  it  is  a  velocity 
sensor  that  utilizes  a  spring-mounted  moving  coil,  it 
lacks  the  sensitivity  to  measure  higher  frequencies  and 
can  distort  signals  due  to  spring  deficiencies.  The  engi- 
neers then  established  specifications  for  a  more  compact 
piezoelectric  acceleration  sensor,  which  was  custom 
made  by  Wilcoxon  Research  and  incorporated  into  the 
prototype  receiver. 

Fiberoptics  being  considered 

For  relaying  the  information  out  of  the  hole,  the 
Sandia  engineers  use  a  conventional  wireline.  The  data 
can  be  digitized  in  the  hole,  stored  in  a  memory  buffer, 
and  then  transmitted  to  the  surface  over  the  seven 
standard  wires. 

But  Sleefe  says  the  Geoenergy  Technology  Depart- 
ment and  researchers  in  other  Sandia  departments  are 
working  on  fiberoptic  packages  for  both  the  sensor  and 
data  telemetry  packages. 

The  receiver  with  the  piezoelectric  accelerometer 
was  tested  in  a  well  in  the  Humble  oil  field,  a  few  miles 
northeast  of  Houston  Intercontinental  Airport.  Results 
indicate  that  the  performance  of  the  package  was  supe- 


rior to  other  seismic  receivers,  including  geophones 
cemented  into  a  well  bore.  "The  test  showed  that  the 
downhole  receiver  resulted  in  enhanced  signals  in  every 
way — higher  frequencies,  better  resolution,  and  no  sig- 
nificant natural  resonances."  Sleefe  says. 

The  next  stage  of  testing  will  be  a  field  trial  of  an 
array  of  five  receivers  in  a  single  well.  That  test  is 
planned  for  early  fall  1991. 

OYO  Geospace,  the  manufacturer  of  the  prototype 
receiver,  also  is  sharing  in  the  cost  of  the  project.  Exxon 
Production  Research  Company  provided  the  seismic 
source  for  the  test,  which  was  conducted  at  a  Texaco 
well.  Technical  Contacts:  Gerard  Sleefe  (505)  846- 
2534  and  Bruce  Engler  (505)  844-7419.  ffl 
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Sandia  National  Laboratory 

FALCON  Reactor-Driven  Laser  Experiments  Show 
Potential 


Sandia  National  Laboratories  researchers  have 
reported  "substantial  technical  progress"  in  demonstrat- 
ing key  features  of  reactor-driven  laser  operation. 

Reactor-laser  experiments  in  the  Sandia  research 
reactors  have  consistently  demonstrated  lasing  in  gas 
lasers  at  pump  rates  representative  of  full-scale  systems, 
the  researchers  report.  The  experiments  have  also  shown 
efficient  coupling  of  the  reactor  energy  to  the  laser 
medium. 

The  FALCON  (Fission  Activated  Laser  CONcept) 
reactor-pumped  laser  program  at  Sandia  is  examining 
the  feasibility  of  high-power  systems  pumped  directly  by 
the  energy  from  a  nuclear  reactor.  In  this  concept,  the 
highly  energetic  fission  fragments  from  neutron-induced 
fission  are  used  to  excite  a  large-volume  laser  medium. 

The  technology  has  the  potential  to  scale  to 
extremely  large  optical  power  outputs,  says  Paul  S. 
Pickard,  supervisor  of  Sandia's  Reactor-Driven  Laser 
Systems  Division.  A  primarily  self-powered  laser  system 
of  this  type  could  also  be  relatively  compact  and  capable 
of  long  run  times  without  refueling. 

The  concept  is  not  new.  In  fact,  Sandia  demon- 
strated the  first  reactor-pumped  laser  in  1974.  But  the 
technology  was  not  developed  substantially  further  until 
a  renewed  research  emphasis  began  in  the  1980s. 

Possible  applications  diverse 

High-powered  reactor-driven  lasers  might  have  both 
military  and  civilian  uses.  Possible  applications  envi- 
sioned include  beaming  power  to  satellites,  to  spacecraft, 
or  to  the  surface  of  the  moon  or  Mars  (from  an  orbiting 
satellite);  laser  propulsion;  and  antimissile  ship  and 
satellite  defense  systems. 

Sandia  is  the  lead  laboratory  for  the  FALCON 
research  program,  funded  by  the  Department  of  Ener- 
gy's Defense  Programs  office.  Sandia  is  conducting  the 
reactor  laser  experiments  and  also  doing  exr.  eriments  on 
physics  and  kinetics,  beam  quality,  and  concept  defini- 
tion. The  Idaho  National  Engineering  Laboratory 
(INEL)  and  Argonne  National  Laboratory  are  preparing 
experiments,  and  several  major  university,  private,  and 
government  contractors  are  also  involved  under  contract 
to  Sandia. 


The  FALCON  reactor-driven  laser  concept. 


Since  1986.  a  series  of  experiments  at  Sandia  have 
successfully  achieved  a  variety  of  program  milestones, 
and  the  latest  work  constitutes  substantial  technical 
progress,  according  to  Pickard,  in  a  recent  program 
overview. 

In  addition  to  demonstration  of  lasing  at  pump  rates 
representative  of  full-scale  systems,  and  the  efficient 
coupling  of  reactor  energy  to  laser  medium,  the  work  has 
also  demonstrated  a  number  of  candidate  lasers  that  are 
attractive  for  FALCON.  These  lasers  show  both  excel- 
lent atmospheric  transmission  and  reasonably  high  con- 
version efficiencies,  Pickard  reports.  Both  laboratory 
and  reactor  experiments  are  being  performed  in  conjunc- 
tion with  laser  kinetics  modeling  to  confirm  the  opti- 
mum laser  parameters  for  a  FALCON  system. 

Designed  for  megawatt  systems 

"We  have  performed  reactor  design  studies  showing 
that  these  systems  can  be  scaled,  in  a  straightforward 
way,  to  extremely  large  power  outputs,"  Pickard  reports. 
"Due  to  the  long  range  of  the  primary  fission  neutrons. 
large  volumes  of  laser  media  can  be  pumped,  and  con 
ceptual  designs  have  been  developed  for  megawatl  class 
systems." 

These  reactor  designs  are  based  on  a  direcl  pumping 
concept  that  matches  the  excitation  requirements  of  the 
laser.  The  use  of  a  nuclear  reactor  to  directly  pump  a 
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laser  medium  eliminates  the  need  for  thermal-to-electric 
conversion  and  its  associated  complexities,  equipment, 
and  resultant  inefficiences. 

On  the  other  hand,  Pickard  notes,  issues  of  nuclear 
safety  must  and  will  be  carefully  addressed  before  the 
full  potential  of  the  FALCON  concept  can  be  deter- 
mined. Most  features  of  the  reactors  being  envisioned, 
however,  generally  fall  within  the  range  of  current  test 
reactor  technology,  Pickard  says. 

Efficient  extraction  of  a  high-quality  beam  has  been 
one  of  the  main  unknowns  associated  with  FALCON 
technology.  Pickard  reports  that  recent  analyses  using 
physical  optics  and  detailed  fluid  dynamics  codes  "indi- 
cate that  we  can  achieve  good  beam  quality  with  near- 
term  optical  technology."  Experiments  to  validate  these 
issues  are  now  in  progress. 

A  series  of  reactor  experiments  is  now  being 
designed  to  demonstrate  beam  quality  and  scaling  in  the 


1991-1992  fiscal  years.  Tests  will  be  performed  on  exist- 
ing reactor  facilities  at  Sandia  and  at  INEL  to  demon- 
strate scientific  feasibility  and  scalability. 

"In  summary,"  says  Pickard,  "FALCON  is  a  nuclear- 
reactor-pumped  continuous-wave  laser  system  that  can 
be  scaled  to  very  high  powers  with  essentially  near-term 
technologies." 

Issues  currently  being  addressed  include  the 
detailed  optical  system  design  and  achievable  beam 
quality.  Longer  term  issues  involve  definition  of  appro- 
priate missions,  total  system  cost,  and  the  difficulties 
associated  with  the  use  of  nuclear  technology. 

FOR  ADDITIONAL  INFORMATION:  Technical 
Contact:  Paul  S.  Pickard  (505)844-6136,  Department  of 
Energy,  Sandia  National  Laboratories,  Albuquerque,  NM 
87185-5800. 
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Calculating  Electronic 
Spectra  of  Diatomic 
Molecules 

Studies  of  vehicles  reentering 
the  atmosphere  require  know- 
ledge of  nonequilibrium  effects. 


A  NASA  technical  memorandum  dis- 
cusses recent  advances  at  NASA  in  the 
calculation  of  electronic  spectra  of  dia- 
tomic molecules.  The  document  appears 
to  be  based  partly  on  a  lecture  given  at 
a  conference  sponsored  by  the  Hungarian 
Academy  of  Sciences  in  honor  of  professor 
I.  Kovacs,  an  internationally  recognized 
authority  on  the  topic  and  author  of  the 
textbook  Rotational  Structure  in  the  Spec- 
tra of  Diatomic  Molecules. 

The  discussion  begins  with  an  introduc- 
tory section  that  places  the  recent  advanc- 
es in  the  historical  context  of  international 
scientific  missions  in  outer  space.  The  next 
section  gives  an  overview  of  the  proposed 
National  Aerospace  Plane  and  the  pro- 
posed Aeroassisted  Space  Transfer  Vehi- 
cle (ASTV),  both  of  which  are  intended  to 
fly  in  the  atmosphere  at  high  speeds  and 
high  altitudes  for  relatively  long  times.  Ex- 
tensive portions  of  the  air  flowing  around 
these  vehicles  will  not  be  in  chemical  or 
thermal  equilibrium,  and  one  of  the  conse- 
quences will  be  increased  radiative  heat- 
ing of  the  vehicles.  The  design  of  these  ve- 
hicles for  safety  and  efficiency  requires 
understanding  of  the  radiative  heating  from 


nonequilibrium  flows;  this,  in  turn,  requires 
spectroscopic  research  and  the  develop- 
ment of  engineering  methods  based  on 
spectroscopic  techniques  and  results. 

The  next  section  discusses  the  pro- 
posed Aeroassist  Flight  Experiment  (AFE), 
in  which  a  test  vehicle  intermediate  in  the 
development  of  the  ASTV  will  be  flown  and 
radiometric  data  crucial  to  understanding 
the  excitation  mechanisms  and  chemistry 
of  the  flow  field  around  the  vehicle  will  be 
taken.  The  authors  note  that  the  interpreta- 
tion of  these  data  would  involve  a  com- 
plex interplay  of  predictions  based  on 
various  flow-field,  chemical,  excitation,  and 
radiation  models.  The  signal  recorded  by 
each  radiometric  instrument  would  be  an 
integral  of  all  optical  effects  taking  place 
within  the  view  field  and  optical  bandpass 
of  that  instrument.  The  principal  tool  for 
interpretation  of  these  data  would  be  the 
flow-field  solution  being  developed  by  ex- 
perts in  various  aspects  of  computational 
fluid  dynamics.  The  accuracy  of  the  flow- 
field  solution  would  depend  upon  realistic 
mathematical  models  of  chemistry  and  ex- 
citation, and  upon  accurate  reaction  rates, 
cross  sections,  partition  functions,  trans- 
port properties,  and  transition  moments  in 
gases  characterized  by  multiple  tempera- 
tures, some  of  which  are  well  above  the 
temperatures  at  which  reliable  experiment- 
al data  are  now  available. 

The  next  section  discusses  a  new  com- 
puter program  for  the  calculation  of  high- 
resolution  spectra  of  any  spin-allowed  tran- 
sitions in  diatomic  molecules.  It  is  based 
on  direct  diagonalization  of  the  Hamiltoni- 


an  matrix.  It  includes  the  matrix  elements 
for  rotational  energy  and  rotational  distor- 
tion up  to  fourth  order;  spin-orbit,  spin- 
spin,  and  spin-rotation  interactions  to  first 
order;  and  the  A  splitting  by  a  perturba- 
tion calculation.  This  program  will  be  used 
to  help  understand  the  radiative  transport 
of  energy  at  wavelengths  from  1,000  to 
2,000  A  in  the  flow  field  of  the  AFE. 

The  next  section  describes  the  Com- 
putational Chemistry  Branch  at  Ames  Re- 
search Center.  It  presents  examples  of  the 
research  there  in  gas-phase  and  gas/sur- 
face interactions.  The  gas-phase  work  is 
further  subdivided  into  molecular  proper- 
ties, reaction  rates  and  scattering,  and 
transport  properties  and  cross  sections. 
The  gas-surface  work  is  subdivided  into 
metallic  and  polymer  surfaces.  For  each 
of  these  subdisciplines,  selected  molecu- 
lar systems  or  reactions  that  have  been 
studied  recently  are  listed  to  illustrate  the 
broad  range  of  topics  covered. 

This  work  was  done  by  John  A  Paterson 
of  Ames  Research  Center  and  Ellis  E. 
Whiting  of  Eloret  Institute.  Further  informa- 
tion may  be  found  in  NASA  TM-101034 
[N89-12622],  "Recent  Advances  at  NASA 
in  Calculating  the  Electronic  Spectra  of 
Diatomic  Molecules." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)487-4650. 
Rush  orders  may  be  placed  for  an  extra 
fee  by  calling  (800)  336-4700. 
ARC-12412fTN 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Reversible  Chemisorption  Gas-Gap  Thermal  Switch 

Gas/sorbent  combinations  provide  means  to  turn  heat-conduction  paths  on  and  off. 


Several  well-known  combinations  of  gas 
and  sorbent  have  been  proposed  as 
means  to  turn  heat-conduction  paths  on 
and  off  in  sorption  refrigeration  systems. 
The  proposed  gas-gap  thermal  switches 
would  require  relatively  low  power.  Be- 
cause they  would  operate  without  vibra- 
tions and  without  moving  parts,  they  could 
be  used  in  sorption  refrigeration  systems 
designed  to  operate  for  long  times  without 
maintenance. 

In  the  normal  operating  cycle  of  a  sorp- 
tion refrigeration  system,  a  canister  of  sor- 
bent is  heated  electrically  to  drive  off  a  gas 
at  relatively  high  pressure.  This  gas  ex- 
pands through  an  orifice  to  provide  cool- 
ing, and  the  resulting  low-pressure  gas  is 
resorbed  by  cooled  sorbent  in  another 
canister.  While  a  canister  of  sorbent  is 
being  heated,  it  is  insulated  from  its  sur- 
roundings by  means  of  a  vacuum;  i.e.,  the 
heat-conduction  path  is  switched  off.  Dur- 
ing the  next  half  cycle,  the  power  to  the 
electrical-resistance  heater  in  the  pre- 
viously heated  canister  is  turned  off,  and 
the  gas  is  injected  into  a  gap  between  this 
and  a  cooled  heat  sink;  i.e.,  the  heat-con- 
duction path  is  switched  on,  and  the  hot 


canister  is  cooled. 

In  one  of  the  proposed  thermal  switch- 
es, the  gas  would  be  supplied  to  or  with- 
drawn from  the  gap  by  heating  or  cooling 
a  smaller  canister  containing  a  chemisor- 
bent/gas  combination  that  undergoes  a 
reversible  chemical  reaction,  depending 
on  its  temperature  (see  Figure  1).  For  ex- 
ample, ZrNiH2  in  the  smaller  canister 
could  be  heated  to  about  145  °C,  causing 
it  to  desorb  H2  via  the  reversible  reaction 
ZrNiH +1/2  H2  ^ZrNiH2.  The  desorbed  H2 
would  fill  the  thermal-switch  gap  at  a  pres- 
sure of  about  10 ~2  atm  (about  1  kPa)  — 
a  pressure  sufficient  to  provide  the  re- 
quired thermal  conduction  across  the  heat- 
switch  gap.  When  the  smaller  canister  was 
cooled  to  about  35  °C,  the  ZrNiH  would 
reabsorb  most  of  the  H2,  nearly  evacuat- 
ing the  gap  to  a  pressure  of  about  10-5 
atm  (about  20  Pa).  At  this  low  pressure,  the 
thermal  conductance  of  the  gap  would  be 
low  enough  that  the  larger  canister  of  the 
sorption  refrigeration  system  could  be 
reheated  with  minimal  parasitic  loss  of 
heat  to  the  environment.  It  has  been  esti- 
mated that  less  than  1  g  of  ZrNiH  would 
be  sufficient  to  switch  heat  to  a  100-g 


canister  of  a  sorption  refrigeration  system; 
this  would  help  to  make  the  overall  system 
very  efficient. 

Figure  2  shows  a  more-elaborate  two- 
stage  version  for  thermal  switching  be- 
tween central  hot  canisters  and  surround- 
ing warm  sorption  canisters  and  between 
the  warm  canisters  and  the  environment. 
This  type  of  heat  cascading  is  used  in  cer- 
tain types  of  sorption  refrigeration  systems 
that  operate  in  different  sorption  temper- 
ature ranges.  In  this  system,  02  for  the 
heat-switch  gas  would  be  supplied  by  de- 
sorption  in  one  stage  via  the  reaction 
4Mn02— ■  2Mn203+02.  The  oxygen  would 
be  withdrawn  by  the  reaction  4Cu+02— 
2Cu20  at  lower  pressure.  The  copper 
would  be  dispersed  on  zeolite  —  the  cop- 
per/zeolite material  is  now  commercially 
available  and  has  been  used  as  an  oxygen 
getter. 

This  work  was  done  by  Jack  A.  Jones, 
Steven  Bard,  and  Gary  Blue  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NP0-17568/TN 


Figure  1 .  A  Single-Stage  Gas-Gap  Thermal  Switch  would  be  based 
on  the  reversible  chemisorption  of  hydrogen  gas  by  ZrNiH. 
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Figure  2.  A  Two-Stage  Gas-Gap  Thermal  Switch  would  be  based 
on  the  reversible  desorption  of  02  from  Mn02  in  the  first  stage, 
followed  by  absorption  in  Cu  on  zeolite  in  the  second  stage. 


Hot  Canister  (300  *C  -  500  *C) 


Hot  Canister  (300 'C  -  500 *C) 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


221 


IWVSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Separation  of  Liquid  and 
Gas  in  Zero  Gravity 

Tanks  would  double  as 
cyclone  separators. 

A  pair  of  reports  describe  a  scheme  for 
separating  a  liquid  from  a  gas  so  that  the 
liquid  could  be  pumped.  The  scheme  is 
designed  to  operate  in  the  absence  of 
gravitation. 

A  jet  of  liquid,  gas,  or  liquid/gas  mixture 
would  be  fed  circumferentially  into  a  cylin- 
drical tank  filled  with  the  liquid/gas  mixture. 


The  jet  would  start  the  liquid  swirling.  The 
swirling  motion  would  centrifugally  sepa- 
rate the  liquid  from  the  gas.  The  liquid  could 
then  be  pumped  from  the  tank  at  a  point 
approximately  diametrically  opposite  the 
point  of  injection  of  the  jet. 

The  vortex  phase  separator  would  re- 
place such  devices  as  bladders  and  screens. 
It  would  require  no  components  inside  the 
tank.  Pumps  for  gas  and  liquid  would  be 
outside  the  tank  and  thus  would  be  easily 
accessible  for  maintenance  and  repairs. 

This  work  was  done  by  Frank  S. 
Howard  of  Kennedy  Space  Center  and 


Wilson  S.  Fraser  of  Johnson  Space 
Center.  "Vortex  Motion  Phase  Separator 
for  Zero  Gravity  Liquid  Transfer"  and 
"Preliminary  Results  for  a  Vortex  Induced, 
Liquid  Handling  and  Accountability  Pro- 
cedure at  Zero  Gravity." 

This  invention  has  been  patented  by 
NASA  (U.S.  Patent  No.  4,848,987).  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  develop- 
ment should  be  addressed  to  the  Patent 
Counsel,  Kennedy  Space  Center.  Refer  to 
KSC-11387/TN. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
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Computer 
Software 


Contamination 
Analysis  Program 

This  program  models 
emission,  reemission, 
deposition,  and  reflection 
of  mass  fluxes. 

The  Jet  Propulsion  Laboratory  Contami- 
nation Analysis  Program  (CAP)  is  a  gen- 
eralized transient-executive-analysis 
computer  code  that  solves  realistic  mass- 
transport  problems  in  the  free-molecular- 
flow  environment.  These  transport  prob- 
lems involve  mass  fluxes  from  emission 
and  reemission  by  sources  on  surfaces, 
venting,  and  emission  by  engines.  If  so  re- 
quired, CAP  can  also  solve  problems  that 
include  one-bounce  mass  reflections. 

The  solution  procedure  uses  an  enclo- 
sure method  based  on  a  lumped-parame- 
ter multinodal  approach  with  exchange  of 
mass  between  nodes.  Transient  solutions 
are  computed  by  the  finite-difference  Euler 
method.  First-order  rate  theory  is  used  to 
represent  surface  emission  and  reemis- 
sion (the  user  must  take  care  to  ensure 
that  the  problem  is  appropriate  for  such 
behavior),  and  all  surface  emission  and  re- 
flections are  assumed  to  be  diffuse.  CAP 
does  not  include  the  effects  of  postdeposi- 
tion  chemistry  or  interaction  with  the  am- 
bient atmosphere. 


CAP  reads  in  a  mathematical  model 
represented  by  an  input  stream  of  multi- 
ple blocks  of  data.  CAP  enables  the  user 
to  edit  the  input  stream  and  stack  sequen- 
tial editing  operations  (or  cases)  to  make 
complex  changes  in  behavior  (surface  tem- 
peratures, engine  startup  and  shutdown, 
and  the  like)  in  a  single  run  if  desired.  The 
eight  data  blocks  that  constitute  the  input 
data  stream  consist  of  problem-control  pa- 
rameters, nodal  data  (area,  temperature, 
mass,  and  the  like),  engine  or  vent-distri- 
bution factors  (based  upon  definitions  of 
plumes),  geometric  configuration  factors 
(diffuse  surface  emission),  tables  of  sur- 
face capture  coefficients,  tables  of  rate 
constants  for  emission  from  sources,  tables 
of  rate  constants  for  reemission,  and  the 
capability  for  partial  node-to-body  collapse 
(for  deposition  rates  only). 

The  user  must  generate  this  data  stream, 
inasmuch  as  neither  the  problem-specific 
geometric  relationships,  nor  the  consti- 
tuents involved,  nor  the  plume-distribution 
functions  are  parts  of  CAR  Instead,  these 
are  used  to  generate  the  data-stream  mod- 
el that  CAP  solves.  Outputs  vary  from  indi- 
vidual deposition  rates  of  exchange  on  an 
internodal  basis  and  on  a  constituent  basis 
as  a  function  of  time,  to  deposition  on  each 
surface  on  a  constituent  basis  as  a  func- 
tion of  time.  By  specifying  control  param- 
eters, the  user  can  specify  the  types  of 


outputs.  CAP  enables  the  user  to  select 
output  intervals  within  the  solution  inter- 
val and  to  generate  restart  nodal  data 
blocks. 

CAP  is  composed  of  several  FORTRAN 
subroutines  that  serve  specific  functions 
and  can  be  easily  edited.  It  is  written  in 
relatively  simple  FORTRAN  to  be  adap- 
table to  a  variety  of  computers  and  was 
implemented  on  a  DEC  VAX  780  computer. 
The  code  is  relatively  small  (2,152  state- 
ments) and  contains  comment  statements 
for  all  operations.  The  required  virtual  mem- 
ory is  4.6  MB,  which  corresponds  to  the 
capacity  for  a  model  that  contains  900 
nodes.  CAP  was  originally  developed  un- 
der contract  for  NASA/GSFC  by  JPL  in 
1979  and  was  subsequently  modified  as 
required  to  support  projects  at  JPL.  CAP 
is  a  copyrighted  product  of  the  California 
Institute  of  Technology. 

This  program  was  written  by  Jerry  M. 
Millard  and  Carl  R.  Maag  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17982/TN 
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Improved  Interferometric  Photorefractive  Optical  Processor 

Processing  speed  is  increased  substantially. 


An  improved  optical  interferometric 
image-processing  scheme  is  based  on 
four-wave  mixing  via  the  photorefractive 
effect  in  GaAs  or  InP  The  four-wave  mix- 
ing gives  rise  to  index-of-refraction  gratings 
that  act  as  phase-conjugate  mirrors:  the 
interactions  among  the  four  input  beams 
generate  wave-front-reversed  replicas 
(phase  conjugates)  of  two  of  these  beams. 
Each  phaseconjugate  beam  travels  precise- 
ly back  along  the  path  of  the  corresponding 
input  beam,  regardless  of  the  angle  of  in- 
cidence. Any  distortions  introduced  into  the 
input  beam  during  forward  propagation  are 
removed  from  the  phase-conjugate  beam 
during  backward  propagation.  In  contrast, 
a  conventional  flat  mirror  merely  reflects 
each  beam  and  increases  the  distortion. 

Prior  interferometric  image-processing 
schemes  based  on  this  effect  involved  such 
photorefractive  oxides  as  BaTi03  and 
Bi12SiO20.  Because  of  the  relatively  long 
photorefractive-response  times  of  these 
oxides,  the  index-of-refraction  gratings  can- 
not change  rapidly  enough  to  provide  the 
desired  speed  of  operation.  They  also  can- 
not change  rapidly  enough  to  stabilize  op- 
eration in  the  presence  of  such  environ- 
mental fluctuations  as  air  turbulence  and 
vibrations  of  optical  components.  The  im- 
proved scheme  can  provide  the  required 
operating  speed  because  the  photorefrac- 
tive responses  of  GaAs  and  InP  are  of  the 
order  of  100  times  as  fast  as  those  of  the 
photorefractive  oxides. 

In  a  demonstration  of  the  improved 
scheme  (see  figure),  light  from  a  neody- 
mium:yttrium  aluminum  garnet  (Nd:YAG) 
laser  at  a  wavelength  of  1 .06  ^un  was  split 
into  two  coherent  beams:  S1  and  S2. 
These  beams  were  reflected  along  dif- 
ferent optical  paths  that  intersected  in  a 
GaAs  crystal.  Each  of  these  optical  paths 
included  a  transparency  that  contained 
one  of  two  images  to  be  processed  with 
each  other. 

Beam  pump  1,  which  was  generated  by 
the  same  laser  and  is  coherent  with  S1  and 
S2,  was  also  aimed  at  the  point  of  intersec- 
tion of  S1  and  S2.  The  interference  be- 
tween pump  1  and  each  of  S1  and  S2 
created  two  index-of-refraction  gratings 
oriented  at  slightly  different  angles  Beam 


This  Four-Wave-Mixing  Apparatus  was  built  to  illustrate  the  principle  of  fast  optical 
processing  by  use  of  the  photorefractive  effect  in  an  interferometric  configuration. 
The  output  images  illustrate  some  of  the  mathematical  operations  that  are  obtained 
at  various  alignments  of  S1  and  S2. 


% 


v  Transparency  2 
Lens  ■■! 


-4 


INPUT  IMAGES  (TRANSPARENCIES) 


Exclusive  OR 

and 
Subtraction 


OUTPUT  IMAGES  AND  THE  OPERATIONS  THAT  THEY  REPRESENT 


pump  2,  which  was  also  generated  by  the 
same  laser  but  was  not  coherent  with  the 
other  beams,  was  aimed  at  the  intersec- 
tion of  the  other  beams  along  the  axis  of 
pump  1  from  the  opposite  direction.  Parts 
of  pump  2  were  diffracted  by  the  two 
gratings,  forming  beams  PC1  and  PC2, 
which  were  the  phase  conjugates  of  S1 
and  S2,  respectively. 

PC1  and  PC2  were  combined  in  the 
beam  splitter,  forming  an  output  beam  that 
was  imaged  in  a  vidicon  camera  sensitive 


to  infrared.  Because  the  output  image  was 
the  interference  pattern  of  PC1  and  PC2, 
its  appearance  depended  on  the  align- 
ment of  S1  and  S2.  This  alignment  could 
be  altered  to  obtain  different  mathemati- 
cal operations  on  the  images  in  the 
transparencies. 

This  work  was  done  by  Li-Jen  Cheng 
and  Tsuen-Hsi  Liu  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 
NP0-17773/TN 
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0225  The  Minnesota  Test  Road— MNROAD 

0226  Selectable -Towline  Spin-Chute  System — One  parachute  can  be 
deployed  from  multiple  attachment  points.  (Licensing  Opportunity) 


Fact  Sheet 


THE  MINNESOTA  TEST  ROAD— MNROAD 

PROBLEM 

Pavements  in  cold  regions  commonly  deteriorate  much  more  rapidly  than  those  not  subjected  to  the 
environmental  extremes  experienced  in  these  adverse  climatic  areas.  Environmentally-induced  damage 
has  not  been  studied  as  comprehensively  as  has  load-induced  damage  to  pavements. 

SOLUTION 

CRREL  has  worked  with  the  Minnesota  Department  of  Transportation  to  select  pavement  cross- 
sections  and  instrumentation  to  be  used  in  MNROAD,  which  consists  of  about  forty  500-foot-long  test 
sections.  About  one-half  of  these  sections  are  on  a  heavily  travelled  interstate  highway  and  the  other  half 
are  on  a  closed  loop  "Low  Volume  Road"  that  will  be  subjected  to  controlled  traffic  and  loads.  The  Low 
Volume  Road  portion  of  the  study  consists  generally  of  "thinner"  pavement  sections.  Surface  courses 
include  asphalt  concrete,  Portland  cement  concrete,  and  unbound  aggregate  (only  on  the  Low  Volume 
Road).  We  have  used  a  preliminary  version  of  a  mechanistic  pavement  design  procedure  for  seasonal  frost 
conditions  to  predict  the  expected  performance  of  some  of  the  test  sections.  CRREL's  portion  of  this 
study  was  funded  jointly  by  the  Corps  of  Engineers  and  the  Minnesota  Department  of  Transportation.  The 
Corps'  primary  funding  mechanism  was  via  its  CPAR  (Construction  Productivity  Advancement 
Research)  Program,  which  encourages  the  Corps'  research  laboratories  to  conduct  cooperative  research 
studies  with  state  and  private  agencies. 

CURRENT  STATUS 

Construction  of  MNROAD  is  expected  to  be  completed  during  the  summer  of  1992;  the  subgrade,  for 
the  most  part,  has  been  placed  and  compacted.  Falling  Weight  Deflectometer  tests  have  been  made  on  the 
compacted  subgrade  in  several  test  sections  from  which  undisturbed  cores  also  have  been  obtained. 
Laboratory  resilient  modulus  tests,  as  well  as  moisture  content  and  density  determinations,  have  been 
conducted  on  some  of  the  cores.  Contracts  have  been  (or  soon  will  be)  awarded  for  the  remainder  of  the 
construction  and  the  instrumentation  and  data  collection  system. 

CONTACT 

USACRREL: 
Dr.  Richard  L.  Berg 
603-646-4335 
FTS  561-4335 

MN/DOT: 

Ms  Nelrae  Succio 

612-779-5509 


December  1991 


CRREL,  72  Lyme  Road,  Hanover,  NH  03755-1290 


US  Army  Corps 
of  Engineers 

Cold  Regions  Research  & 
Engineering  Laboratory 
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Selectable-Towline  Spin-Chute  System 

One  parachute  can  be  deployed  from  multiple  attachment  points. 


The  selectable-towline  spin-chute  sys- 
tem was  designed  to  enable  the  in-flight 
deployment  of  a  single  emergency  spin- 
recovery  parachute  from  more  than  one 
attachment  point  on  an  airplane.  The  se- 
lectable-towline spin-chute  system  elimi- 
nates multiple  parachutes  and  multiple 
deployment  systems,  thereby  reducing  the 
weight  and  cost  of  the  emergency  system. 
It  minimizes  inertial  and  aerodynamic  de- 
viations on  the  airplane,  contributing  to 
overall  simplification  of  the  structure  and 
aerodynamics. 

Heretofore,  when  multiple  parachute-at- 
tachment points  have  been  required  in 
flight  tests  of  an  aircraft,  a  complete  para- 


chute and  deployment  system  has  been 
used  at  each  attachment  point.  In  the  ex- 
ample of  the  conventional  wingtip-para- 
chute  system  shown  in  Figure  1a,  two 
complete  systems  are  required:  one  for  the 
right  wing  and  one  for  the  left  wing.  This 
type  of  system  adds  the  weight  and  cost 
of  double  the  number  of  parachutes,  mor- 
tars, and  related  equipment  required.  This 
system  also  imparts  the  inertial  disadvan- 
tage of  masses  unrepresentative  of  an 
airplane  in  normal  operation  located  at  the 
extremities  of  the  airplane  and  an  aerody- 
namic penalty  in  the  form  of  unrepresen- 
tative structures  in  the  vicinity  of  control 
surfaces. 


The  selectable-towline  spin-chute  sys- 
tem (see  Figure  1b)  features  a  parachute 
mounted  on  the  middle  of  the  airplane. 
From  the  confluence  of  the  shroudlines  of 
the  parachute,  a  short  riser  is  attached. 
This  riser  ends  in  a  ring  or  other  fitting. 
This  ring  is  held  in  a  fixture,  and  two  (or 
more)  lockable  shackles  are  located  at  the 
ring  such  that  either  shackle  can  be 
secured  to  the  ring  by  remote  command 
(Figure  2). 

Warning  and  advisory  instrumentation 
can  be  installed  at  the  shackle.  From  each 
shackle,  a  towline  is  routed  to  a  desired 
separate  attachment  point  on  the  airplane. 


CONVENTIONAL  WINGTIP  SPIN-CHUTE  SYSTEM 


SELECTABLE-TOWLINE  SPIN-CHUTE  SYSTEM 


Figure  1a.  A  Conventional  Wingtip  Spin-Chute  System  includes 
parachutes  on  both  wings.  The  Selectable-Towline  Spin-Chute  Sys- 
tem, Figure  1  b,  includes  one  parachutewith  multiple  attachment  points. 

Upon  remote  command,  either  manual  or  automatic,  one 
shackle  is  locked  to  the  riser  ring.  The  parachute  can  then  be 
deployed  with  recovery  forces  transmitted  directly  to  the 
selected  attachment  point  on  the  airplane.  Other  attachment 
points  remain  totally  unaffected. 

This  work  was  done  by  Daniel  M.  Vairo  of  Planning  Research 
Corp.  and  Raymond  D.  Whipple  of  Langley  Research  Center. 

This  invention  is  owned  by  NASA,  and  a  patent  application 


Figure  2.  The  Detail  of  the  Riser  Assembly  shows  the  left  riser 
mechanism  locked  to  deploy  the  parachute  from  the  corresponding 
attachment  point. 

has  been  filed.  Inquiries  concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development  should  be  addressed 
to  the  Patent  Counsel,  Langley  Research  Center.  Refer  to 
LAR-14322/TN. 


Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 


Patent  Counsel 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Handling  fee          $3.00 
Total     


10/91 


Agriculture  &  Food 

Computers 

Electrotechnology 

Energy 

Engineering 

Environmental  Science  & 
Technology 

Manufacturing,  Machinery,  & 
Tools 


PENN  STATE  UNIVERSITY  LIBRARIES 


AQDQQ7201DM2 
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Materials 


Medicine  &  Biology 

Natural  Resources  Tech- 
nology &  Engineering 

Physical  Sciences 

Transportation  &  Components 


m 
O 

c 
> 

o 

TJ 
TJ 
O 
33 


-< 

m 


O 

-< 
m 

3) 


Route  To: 


■o 

o 

"0 

a> 

CD 

H 

3 

>CTJ 

oc 

z 

zmr 

HP0* 

o 

rn> 

o 

IO 

corn 

CO 

l\3 

"0 

> 

D 

